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THE CHEMICAL STATUS OF BEAN PLANTS AFFLICTED 
WITH BICARBONATE-INDUCED CHLOROSIS! 


C. H. WADLEIGH? 
Introduction 


The waters of many streams used for 
irrigation in western United States con- 
tain a relatively high proportion of bi- 
carbonate in the dissolved solids (g). 
STABLER (44) predicted as early as 1911 
that use of an irrigation water contain- 
ing appreciable bicarbonate could lead to 
the development of a “black alkali” soil 
when the milliequivalents per liter 
(m.e./l.) of sodium exceeded the m.e./1. 
of chloride plus sulfate. EAToNn (11, 12) 
has recently contributed a significant 
impetus to the above conclusion from 
his observations in the Nile and Eu- 
phrates valleys. In the water of the Nile 
the concentration of sodium consistently 
exceeds that of chloride plus sulfate, 
whereas the converse situation prevails 
in the water of the Euphrates. “Black 
alkali’ occurs frequently in the soils of 
the Nile Valley but is nonexistent in 
that of the Euphrates. A “black alkali” 
soil may have one or more of the follow- 
ing attributes: pH value above 8.5, ex- 
changeable-sodium percentage exceeding 
15, and abnormally high concentrations 
of sodium carbonate and bicarbonate in 
the soil solution. FIREMAN and REEVE 
(13) explained the prevalence of a high 
content of exchangeable sodium in the 
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calcareous soils of Gem County, Idaho, 
as a result of the historic flooding of the 
area by the Payette River in which the 
dissolved salts are almost entirely sodium 
and calcium bicarbonate. HARLEY and 
LINDNER (20) observed that application 
of irrigation waters relatively high in 
bicarbonate would induce chlorosis of 
apple and pear trees in Washington and 
that subsequent irrigation with water 
low in bicarbonate tended to alleviate 
the condition. Several workers (19, 21, 
48, 49) recognized that many of the 
sources of water for greenhouse crops in 
Oklahoma contained excessive amounts 
of salt or ‘‘alkali’’ and carried out studies 
to ascertain quantitatively the degree of 
injury of such waters to tomatoes and 
other greenhouse crops. The presence of 
added NaHCO, in water used for grow- 
ing tomatoes in sand cultures was found 
to be much more injurious than NaCl 
(21). The high toxicity of water contain- 
ing NaHCO, could be largely eliminated 
by neutralizing the solution to pH 5.6 
6.0 with H.SO, (19). It was concluded 
that the high toxicity of NaHCO, was 
due to the high pH value (about 8.0 
8.5) of the solutions (49). Marked differ- 
ences in the tolerance of different species 
to NaHCO, in the irrigation water were 
observed; for example, carnations were 
virtually insensitive, whereas chrysan- 
themums were found to be extremely in- 
tolerant, in that they developed intense 
chlorosis at comparatively low concen- 
trations of NaHCO,(48). 

GAUCH and WADLEIGH (17) also noted 
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marked variation in tolerance of differ- 
ent species to NaHCO, in the culture 
solution. Rhodes grass was insensitive to 
the presence of 12 m.e./l. of this salt, 
whereas this concentration induced such 
severe chlorosis in Dallis grass as eventu- 
ally to kill the plants. A control nutrient 
solution adjusted to pH 8.0 with NaOH 
but nearly free of bicarbonate did not 
have this drastic effect on Dallis grass, so 
these authors concltided that the bi- 
carbonate ion was specifically toxic over 
and above the effect of high pH values 
associated with solutions of NaHCO,. 

The foregoing observations indicate 
that the presence of the bicarbonate ion 
in the substrate may adversely affect 
growth of certain plants in a unique 
manner as compared with effects of other 
ions commonly present. The study re- 
ported herein was undertaken to ascer- 
tain the influence of bicarbonate in the 
substrate on the growth and chemical 
components of a sensitive species. The 
Dwarf Red Kidney bean (Phaseolus vul- 
garis L.) was selected as a result of pre- 
liminary trials showing its marked sen- 
sitivity. 


Material and methods 


The plants were grown in automati- 
cally irrigated sand cultures (14), with the 
base nutrient solution containing the fol- 
lowing salts per liter: Ca(NO,)., 5 m.e.; 
MgsSO,, 3 m.e.; KH,PQ,, 0.5 m.e.; 
K,HPO,, 0.5 m.e.; KNO;, 2 m.e.; and 
K,SO,, 2 m.e. One p.p.m. iron was 
added as ferric citrate; 0.5 p.p.m. boron 
as H,BO,; and 0.5 p.p.m. manganese as 
MnSO,,. Seeds were planted on February 
12, 1948, and three seedlings were al- 
lowed to grow in each culture. Differen- 
tial treatment was initiated on February 
26. Treatments involved addition of 
o, 8, 16, and 32 m.e./l. of NaHCO, to the 
nutrient solution of nine cultures at each 
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level. The solutions with no added bi- 
carbonate were adjusted daily to pH 8.0 
by the addition of NaOH and were com- 
pletely changed at least once a week. 
Solutions with added NaHCO, had a pH 
of about 8.0 as made up; when the value 
went up as high as 8.3, these solutions 
were renewed, i.e., every few days. Each 
culture contained three plants. 

Plants were harvested from an extra 
four cultures on the day differential 
treatment was initiated (February 26, 
1948). Harvests of plants from three cul- 
tures of each treatment were made 7, 14, 
and 28 days later. The plants were 
washed with distilled water from a 
sprayer on the day before harvesting. At 
the time of harvest, 20 sq. cm. of tissue 
were randomly selected from the leaves 
with a Ganong leaf punch. Blades of pri- 
mary leaves and trifoliolate leaves were 
treated separately, and these were dif- 
ferentiated from the stems and petioles. 
Thus, samples from primary leaves show 
advancing senescence with successive 
harvests, whereas samples of trifoliolate 
leaves include leaves of varying age. The 
fractions of tissue from each cultural 
treatment were dried rapidly in a large 
forced-draft oven maintained at 70° 
80° C. 

The samples removed by the leaf 
punch were immediately refrigerated in 
weighing bottles, and chlorophyll was 
extracted by JACOBSON’s procedure (29) 
on the day of sampling. Chlorophylls a 
and b were determined by the method of 
Comar and ZscuEILe (10) using a Beck- 
man spectrophotometer. On harvesting, 
precautions were taken to avoid contami- 
nation of the tissue with iron. The dried 
material was ground in a porcelain ball- 
mill using flint pebbles. Total and ex- 
tractable iron were determined according 
to OSERKOWSKY’s procedure (36) with 
the exception that O-phenanthroline (42) 
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was used to assay iron colorimetrically. 

A weighed portion of the dry tissue was 
wet-ashed (18), and calcium, sodium, 
potassium, magnesium, and phosphorus 
were determined according to the pro- 
cedures outlined by REITEMEIER (40). 

Organic acid content of the dried 
tissue was determined by the method 
of PucHER et al. (39). 
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Observations 

Growtu.—During the first week fol- 
lowing the initiation of differential treat- 
ment there was little variation in growth 
response, but thereafter there were 
marked differences on the various treat- 
ments (fig. 1). The ‘control’ plants 
grew well on the selected culture solu- 
tion maintained at pH 8.0 but practical- 





DRY WEIGHT PER PLANT TOP IN GRAMS 
@ 





NUMBERS DESIGNATE 
M.E. PER LITER OF 
ADDED NaHCO; 














3-1 3-18 3-25 


DATE 


Fic. 1.—Growth response of Red Kidney bean plants to bicarbonate ion in culture solution 
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ly free of bicarbonate. Plants in the series 
with 32 m.e./l. added NaHCO, made 
virtually no further growth after the 
first week of treatment. Intermediate 
levels of added NaHCO, resulted in in- 
termediate degrees of growth response. 
This inhibition in growth was due to the 
effect of the bicarbonate ion, since pH 
value of the substrate was eliminated as 
a variable. Earlier studies (15) have 
indicated that Na,SO, and NaCl added 


TABLE 1 


< 5 
CHLOROPHYLL CONTENT OF TRIFOLIOLATE 
LEAVES, MG/100 SQ CM 





TREATMENT, M.E./L. NAHCO; 


HARVEST 
DATE 
| ° 8 16 32 
3/4 2.45 1 Raat 1.54 I.co 
3/11 | 1 (age 2.25 | 0.75 
3/25 | 3-65 2.97 1.92 | 


| 0.31 


to a control nutrient solution at levels 
isosmotic to the NaHCO, treatments 
should have a comparatively small ef- 
fect in depressing growth of Red Kidney 
beans. Hence, growth responses under 
consideration must be interpreted as 
largely due to the specific toxicity of the 
bicarbonate ion with osmotic effects of 
the added solute playing a minor role. 
Plants on the culture solution with 32 
m.e./l. added NaHCO, were showing ap- 
preciable chlorosis of the trifoliolate 
leaves 1 week after initiation of treatment 
and had developed severe chlorosis by 
the end of the experiment. A moderate 
degree of chlorosis was evident in the 
trifoliolate leaves of plants in the series 
with 16 m.e./l. added NaHCO,. This 
condition did not change consistently 
during the course of the study. Chlorosis 
was not evident in plants in cultures with 
8 m.e./]. added NaHCO,. The observa- 
tions on chlorosis are reflected by the de- 


terminations for chlorophyll per unit of 
leaf (table 1). 

On the basis of these data there was a 
relatively lower level of chlorophyll in 
the trifoliolate leaves even when only 8 
m.e./l. NaHCO, were added to the 
nutrient solution. These observations on 
chlorophyll content are directly related 
to the effect of the bicarbonate and com- 
pletely unrelated to the addition of 
sodium per se. Observations at this lab- 
oratory indicate that additions of NaCl 
and Na,SO, to the substrate actually 
tend to enhance the chlorophyll content 
of bean leaves, presumably as a result of 
physiological drought. 

Addition of bicarbonate to the sub- 
strate had relatively little effect upon the 
chlorphyll content of the primary leaves. 
Over the course of the study there was a 
general tendency toward an inverse rela- 
tion between the chlorophyll content 
and the level of added NaHCO,, but the 
differences were comparatively small. 

MINERAL CONTENT.—The chlorosis 
was related to a disturbance in iron 
availability within the leaves. This was 
checked by spraying a dilute FeSO, solu- 
tion on the leaves of seriously chlorotic 
plants which had resulted from use of a 
nutrient solution high in bicarbonate on 
a few cultures of plants not included in 
the experimental setup. This spray ef- 
fected the reappearance of chlorophyll in 
chlorotic leaf tissue. Iron solution was 
not sprayed on experimental plants, and 
the iron content of their leaves showed 
appreciable variations that were in some 
degree correlative with treatment (table 
2). Observations on total iron were some- 
what erratic, and it is possible that 
merely washing the leaves with water 
was not adequate to remove iron present 
in surface-adhering particles, as shown 
by JACOBSON (29). At the final harvest 
it may be that the washing procedure 
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was more effective, since both total- and 
soluble-iron content showed a close rela- 
tionship to chlorophyll content as condi- 
tioned by treatment. The trends in these 
data are consistent with observations by 
JAcoBsON (29) and McGEoRGE (32) 
supporting the concept of OSERKOWSKY 
(36) that active iron in the leaves is a 
primary variant associated with this type 
of chlorosis. Furthermore, the data sug- 
gest that the modified status of iron in 
bean leaves afflicted with bicarbonate- 


7 
supplied with the 
NaHCoO,. 
Significant quantities of sodium were 
found in the primary leaves from plants 
produced at the highest concentration of 
bicarbonate, and the accumulation of 
sodium showed a marked increase with 
age. The summation of cation equiva- 
lents in these leaves increased pro- 
nouncedly with age, but, at any given 
time of observation, higher levels of 
NaHCO, in the nutrient tended to be 


highest level of 


TABLE 2 
TOTAL AND “SOLUBLE” IRON CONTENT OF DRY TISSUE FROM 
TRIFOLIOLATE LEAVES, MG/GM 


M.F./L 
NaHCO, 3/4 
IN CULTURI 
SOLUTION 
Total *Soluble”’ T 
iron iron 
° 4 0.127 0.090 Cc 
S 130 .069 
10 125 .0090 
33 0.123 0.043 ° 


Standard 
error 


induced chlorosis is similar to that of 
other species affected with ‘“‘lime-in- 
duced” chlorosis in the field (1). 

Table 3 presents the data for the cat- 
ionic content of the leaves. Marked 
changes in the mineral composition of the 
foliage took place with increasing age, 
and at any given time there were pro- 
nounced differences in composition in- 
duced by treatment. 

In the primary leaves the calcium and 
magnesium contents tended to increase 
with age for all treatments. This trend 
usually accompanies senescence. The po- 
tassium content of these leaves tended to 
decrease with age excepting on the plants 


HARVEST DATE 


tal ‘Soluble’ Total *Sotuble’ 
iron iron iron iron 
167 0.085 0.192 0.115 
104 O05 ~ 172 IOI 
210 .O835 «B91 O95 
214 0.005 ©O.144 0.045 
0.O1! ©.00390 


accompanied by a lower total content of 
cations. 

Observations on the trifoliolate leaves 
provided somewhat similar data. Con- 
tents of all cations increased with elapsed 
time. At any given time of observation, 
higher concentrations of bicarbonate 
were associated with a markedly lower 
content of calcium, with a variable ef- 
fect on magnesium but a tendency for 
an increase, and with an increase in 
the concentration of potassium in these 
leaves. Sodium was found in appreciable 
amounts only in leaves from plants sub- 
jected to the highest level of NaHCO,, 
and its concentration in these leaves in- 
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creased markedly with age. The summa- 
tion of the cation equivalents in the tri- 
foliolate leaves varied extensively, de- 
pending on treatment and time of obser- 
vation. The data in table 3 indicate that 
variations in growth and chlorosis among 
the different treatments were associated 
with marked variations in content of 
the major cations within the leaves. 
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root cells as a result of treatment, since 
there is a good possibility that some of 
the calcium so assayed was actually 
occluded on the surface of the roots (see 
HARLEY and LINDNER [20]). The rela- 
tively high level of magnesium that ap- 
peared to be in the roots of plants grown 
at the highest level of added NaHCO, 
may be similarly accounted for. The 


TABLE 3 


—_ 
| | 


PRIMARY LEAVES 








CATIONIC CONTENT OF BEAN LEAVES, M.E./100 GM. OF DRY MATTER 


TRIFOLIOLATE LEAVES 


M.£./1t.“ | | 
NaHCO; In | ae Pi ae ial — ee = 7‘ ToLtas 
CULTURE | hols | | | 
sotution | AT Ca Mg K Na sioront | Ca | Mg K Na _— 
| } cations | cations 
o:. | 2/26 | 87 | 60 | 152 rr* “| eo See ery Serge eae aeane 
O. | 3/4 ror | ‘70. | “x50 Tr 7 a ey ee 100 Tr 214 
O.. | 3/11 211 75 | 137 Tr | 423 | Ir | 50 IOI rr 262 
O.. | 2/25 289 104 124 Tr 517 | 124 60 113 I 2098 
an | > | ry 
8.. 3/4 144 58 | 182 | T r 384 | 57 | 4 104 Tr 205 
S- 3/11 178 | 63 | 174 | Tr ee ee ee rr 261 
S. -| 3/25 244 | 109 | 138 | Tr 491 | 106 70 | 124 I 301 
| 
16.. | 3/4 120 60 | 174 | I 354 | 56 | 55 116 a | S29 
16.. A yan 163 75 166 | 2 404 80 61 133 2 | 276 
16.. 3/25 | 201 99 | 156 | 3 459 | 103 | 72 | 157 I 333 
| | | 
S29. | 3/4 100 52 163 | 8 315 | 30 45 | 104 8 187 
ot 4h) Bye 88 | 54 167 | 22 331 | 55 58 147 30t 290 
cy ae | 3/25 124 | 88 | 255 44 511 | 68 106 192 70 430 
| | | 
Standard | 
Le Oe ee en ei eee nee Pern rc Ee a ee oy I tes os eS 
} 
* Tr = trace. 
+ Approximated. 
t Trifoliolate leaves harvested on 3/25 from the three replicate cultures of a given treatment were assayed separately, and these 


data were used to provide a measure of experimental error. 


It is of interest to consider the cationic 
content in the tissue of the roots and 
stems plus petioles as well as that of the 
leaves. Pertinent data are given in table 
4 as obtained at the final harvest. Higher 
levels of bicarbonate in the nutrient 
solution appeared to be associated with 
higher concentrations of calcium in the 
root tissue—the reverse of the trends ob- 
served in the two types of leaves. It can- 
not be stated that the data actually 
show an accumulation of calcium in the 


definitely lower content of potassium 
and the opposite trend for sodium with 
higher bicarbonate level were outstand- 
ing. Higher concentrations of NaCl in 
the nutrient solution have been found to 
induce this same effect on the potassium 
and sodium contents of bean roots (16). 
Healthy bean roots showed a capacity to 
retain sodium selectively away from 
aerial portions of the plant, but an ac- 
cumulation of sodium in the roots was 
associated with a depletion of potassium, 
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presumably as a result of ionic displace- 
ment (16); however, bean roots that 
have been impaired by calcium unavail- 
ability lose their capacity to retain 
sodium selectively, with the result that 
it moves into the leaves (4). 

The data in table 4 suggest that a 


TABLE 4 


CATIONIC CONTENT OF ROOTS AND STEMS 
PLUS PETIOLES AT FINAL HARVEST 
M.E./100 GM. DRY MATTER 





| M.e./I. | 
| NaHCO; _ 
Plant | ae | Ca Mg K | Wao | Total 
part | cations 
ture 
| solution | | 
_ — } _ — —_— | —_——— is - 
[2 | 23) so] 123 | 13] 218 
} = 
Roots..| ¢% | — _ |} 30) 215 
| 16 58 55 | 67 142 322 
32 | S6| 73} 24) 116} 269 
Stems | | 2 | 35 | = —s 2 185 
plus 8 | 34] 27) 154 3 | 218 
petioles | | 42 | 40] 160 18 | 260 
2 | 31 49 | 89] 215 | 384 








relatively high concentration of the bi- 
carbonate ion may affect the capacity of 
bean roots to retain sodium. The roots of 
plants grown at 16 m.e./l. NaHCO, 
were found to contain the highest content 
of sodium, and the data for stems and 
leaves show that very little sodium 
moved upward into the aerial portions 
of the plant. In contrast, roots from cul- 
tures containing 32 m.e./l. bicarbonate 
were found to have an appreciably lower 
concentration of sodium than those of 
the aforementioned plants, yet relative- 
ly high accumulations of sodium were 
found in the stems plus petioles and 
leaves of plants on the 32-m.e./l. treat- 
ment. Hence, it seems reasonably prob- 
able that the bicarbonate ion at the high- 
est concentration was affecting the ca- 
pacity of these bean roots to retain 
sodium selectively. 

In contrast with the observation on 


root and leaf tissue, there seemed to be 
no effect of treatment on the calcium 
content of stems plus petioles. Mag- 
nesium tended to accumulate in the 
latter tissue with higher levels of bi- 
carbonate. A similar response has been 
reported for Dallis grass (17). There 
tended to be a higher potassium content 
of stems plus petioles with higher con- 
centration of NaHCO, in the substrate, 
excepting that the highest level of added 
bicarbonate resulted in plants with a 
high concentration of sodium in the stem 
plus petioles together with a correspond- 
ingly low concentration of potassium, 
further suggesting the displacing action 
of sodium upon potassium accumulation 
in this species. 

No tendency was observed for the 
summation of the cation equivalents to 


TABLE 5 
CONCENTRATION OF PHOSPHORUS IN TISSUES 
EXPRESSED AS M.E. H2PO,/100 GM. 

DRY TISSUE 





| 
M.£./L. NAHCO; In 








TIME OF | CULTURE SOLUTION 
TISSUE OBSER- ait = = 
VATION 
| ° 8 16 32 
Primary (g/q | 22.0°| 16.9-} 29.97 | 1229 
leaves....| 43/11 | 20.3 | 9.0] 7.0| 6.7 
(3/25 | 18.7 | 10.0| 8.3] 5.0 
Trifoliolate | (3/4 27.7 | 21.7 | 18.0 | 16.7 
leaves... .| 3/11 | 22.7 18.0 | 25.7 | 12.3 
| 3/25 | 18.0 | 18.7 | 17.7 | 12.0 
Stems plus | 
petioles. | 3/25 | 17.6 | 16.9 | 13.1 g.1 
| 


Roots. ... | 3/25 | 17.8 | 16.5 | 11.3 | 12.3 





be constant within any organ studied 
for the treatments maintained. 

Since phosphate/iron balance has been 
emphasized in relation to the develop- 
ment of chlorosis (2, 36), it is pertinent 
to consider the data for phosphate con- 
tent (table 5). They show a marked 
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tendency for content of phosphate to be 
lower with higher levels of bicarbonate 
in the nutrient medium; that is, these 
data show the opposite trend of those 
obtained by OLSEN (35), which indicated 
higher intensities of chlorosis with great- 
er content of phosphate in the tissues. 
OLSEN (36) concluded that the iron was 
precipitated by the phosphate along the 
vascular bundles of the chlorotic plants. 
Although phosphate did not accumulate 
with severity of treatment of these bean 
plants, precipitation of ferric phosphate 
within the tissues is still a possibility. 
BIDDULPH (2) obtained radioautographs 
of various tissues of bean plants grown 
in nutrient solutions inducing varying 
degrees of chlorosis and supplied with 
either radioactive iron or radioactive 
phosphorus. In treatments that brought 
on chlorosis, iron and phosphorus were 
shown to accumulate intensely in the 
roots and conductive tissues with rela- 
tively low levels in the leaf parenchyma. 
Even though the absolute amounts of 
these two elements were analytically in- 
distinguishable between green and chlo- 
rotic plants, the radioautographs showed 
that distribution of these two elements 
within tissues differed markedly, de- 
pending on intensity of chlorosis. Even 
though the bicarbonate ion tended to de- 
press entry of phosphate into the bean 
plants of the present study, BIDDULPH’s 
observations suggest that precipitation of 
ferric phosphate may have taken place 
in the conductive tissues of plants af- 
flicted with bicarbonate-induced chloro- 
sis, but the present data provide no basis 
for establishing this point. 

ORGANIC ACID CONTENT.—ILJIN (23, 
24, 25, 26) studied the organic acid con- 
tent of the leaves of many species of 
plants showing varying degrees of lime- 
induced chlorosis when growing on cal- 
careous soil. He found that in the de- 


velopment of this type of chlorosis an 
unusual increase in citric acid takes 
place. As an extreme case, he reported 
the leaves of a chlorotic Sambucus nigra 
to contain seventeen times as much citric 
acid as leaves of a comparable healthy 
shrub. ILjrn supported the view that 
disturbances in metabolism conducive 
to the accumulation of citric acid were 
precursive to the development of lime- 
induced chlorosis in leaves. MCGEORGE 
(32) also found some tendency for this 
relationship to hold among chlorotic and 
healthy citrus leaves but to be much 
more pronounced within peach leaves. 
McGEorGE (33) studied this relation- 
ship further and found that it held for 
dicotyledonous but not for monocoty- 
ledonous plants. 

In the light of the foregoing it ap- 
peared desirable to ascertain whether 
bicarbonate-induced chlorosis was ac- 
companied by shifts in organic acid ac- 
cumulation. It is evident from the data 
(table 6) that bean leaves are high in 
organic acids, especially citric. No oxalic 
acid beyond a trace was found, and 
an appreciable quantity of unknown 
acids was always present. Total and 
citric acids tended to accumulate with 
age in both primary and _ trifoliolate 
leaves. Higher levels of bicarbonate in 
the nutrient solution were associated 
with lower accumulations of citric acid 
in the primary leaves but with greater 
accumulation in the trifoliolate leaves. 
It was shown in table 1 that added 
NaHCO, affected chlorophyll formation 
in the trifoliolate leaves, but only slight 
influence on the greenness of the primary 
leaves was observed though not reported. 
Even though the response observed 
herein is not pronounced, it is not in dis- 
agreement with ILJIN’s observations on 
the relation between “lime-chlorosis”’ 
and citric acid accumulation. With the 
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exception that malic acid tended to ac- 
cumulate in the trifoliolate leaves with 
age, observations on this component 
were not wholly consistent. 


Discussion 


The foregoing data have shown that 
higher concentrations of the bicarbonate 
ion in nutrient solution bring about 


re) 


growth response, on the other. Although 
a validly established correlation by no 
means indicates causation, it would in- 
deed be hazardous to seek a cause-and- 
effect relationship between conditions 
that have no degree of concomitance. In 
other words, covariability may be a guide, 
though not infallible, to the channels of 
causation. 


TABLE 6 


ORGANIC ACID CONTENT OF BEAN LEAVES, M.E./100 GM. OF DRY TISSUE 


PRIMARY LEAVES 


TRIFOLIOLATE LEAVES 


M.«£./L. NAHCO, HAR = 
IN CULTURE VEST 
SOLUTION DATE a a : Un = Ree ; Un 
Potal Citric Malic Total Citric Malic 
known knowt 

° 2/20 179 07 30 76 

> 3/4 299 | 195 | 37 58 | 132 54 | 24 54 
re) 3/11 393 238 35 120 188 72 34 82 
° 3/25 | 454 282 | 31 131 243 105 39 99 
8 3/4 290 160 | 53 77 137 54 25 55 
8 3/11 390 229 51 110 195 70 44 

) 3/25 | 435 258 | 34 143 246 119 | 46 83 
10 3/4 300 144 53 102 I5I 07 25 58 
10 3/II 405 201 50 145 244 g2 50 gO 
16 3/25 457 248 36 163 277 132 49 97 

> 2 7 rad 79 aed »R cr? oie 

- 3/4 </¢ 125 ié ‘4 135 54 </ 59 
2 ay 3 314 122 78 114 232 105 32 95 
32 3/25 389 248 | 34 107 | 304 158 56 go 
Standard error* + 3.8 1.6; +1.8| +2.6 

* Trifoliolate leaves harvested on 3/25 from the replicate cultures of a given treatment were assayed 

separately, and these data were used to provide a measure of experimental error. 


marked changes in the internal status as 
well as in the growth and appearance of 
bean plants. The ultimate objective of a 
study such as this should be definition of 
the cause-effect sequence between treat- 
ment and growth response. The data are 
not adequate to establish the precise 
physiological channels through which ob- 
served responses took place. It has been 
possible to ascertain the degree of con- 
comitance among the numerous criteria 
of internal status as well as between these 
criteria and treatment, on one hand, and 


In interpreting the data, the concen- 
tration of the bicarbonate ion in the 
nutrient solution was considered as the 
primary causal factor, since previous ex- 
periments (15, 16) involving the response 
of bean plants to high levels of sodium 
sulfate and sodium chloride did not 
induce the plant responses herein re- 
ported. 

In order to evaluate quantitatively the 
interrelationships prevailing in the data 
obtained, they were reduced statistically 
by analysis of variance and regression to 
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obtain the summary values such as those 
presented in table 7. In developing this 
table, the total sums of squares for the 
variability among the twelve observa- 
tions taken for the four levels of treat- 
ment at the three harvest dates after 
inception of treatment are designated as 
100% of the variability observed for a 
given criterion. The figures in the first 
four columns of table 7 partition this 
total variability on a relative basis 
among four sources of variance. Column 1 
shows the proportion of total sums of 
squares attributable to mean levels for 
the three dates of harvest, i.e., (Zy*), 
shows the proportion of variance*due to 
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two degrees of freedom arising from time 
of harvest. Column 2, (Zy")s, shows the 
percentage of total sums of squares at- 
tributable to the single degree of freedom 
arising from pooled regression on level of 
bicarbonate in the nutrient solution. 
Column 3, (Zy*)a, shows the relative 
amount of the total variance that is at- 
tributable to the two degrees of freedom 
arising from differences among individual 
regressions for the three dates of harvest- 
ing (see SNEDECOR [43:327]|). Column 4, 
(Zy?)., shows the proportion of total 
sums of squares assigned to the six 
degrees of freedom for error. Significance 
of a given component of variance is 


TABLE 7 
RELATION OF VARIOUS CRITERIA OF PLANT PERFORMANCE TO LEVEL 
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designated by asterisks, according to the 
usual convention. Columns 5, 6, 7, and 8 
present four categories of regression co- 
efficients: b, lists regression on treatment 
at the March 4 harvest; b, indicates the 
relation as of data for March 11; and 6, 
evaluates regression on treatment at the 
last harvest. The general trend with all 
harvests pooled is shown by regression }, 
in column 8, and the proportion of vari- 
ance listed in column 2, (Zy)s, is at- 
tributed to b,. The units for all regression 
coefficients may be ascertained by refer- 
ence to pertinent data previously pre- 
sented. The relative variance associated 
with net divergence in trends of },, b., 
and 6, from that of }, is shown in column 
3, (Z¥)a. Column 9g, (7,)?, shows the 
proportion of variance accounted for by 
b, out of the total variance exclusive of 
that due to time of harvest. The latter 
column presents key figures for evaluat- 
ing the closeness with which different 
criteria of plant performance varied with 
level of bicarbonate concentration. 

The data given in figure 1 show ex- 
ponential trends for growth with respect 
to treatment levels; hence, to treat 
growth data more effectively by the pro- 
cedures used in constructing table 7, they 
were converted to log, of dry weight. 
The data in the first line of this table 
show that this logarithmic conversion of 
growth response enabled all but 0.5% of 
the total variance to be accounted for by 
time of harvest and linear regressions. 
It is to be noted, however, that there is 
progressive change in the values for re- 
gression of log, dry weight on treatment 
with duration of the experiment and that 
divergence among these individual time 
regressions was a highly significant con- 
tributor to the total variance. 

The net effect of time of harvest and 
linear regression on treatment accounted 
for 97.3% of variance in the data for 


chlorophyll in the trifoliolate leaves. 
Variations in chlorophyll were directly 
related to bicarbonate level to a remark- 
ably high degree (83.8% of variance), 
and the progressive changes in the size of 
the regression coefficients with time of 
harvest were also highly significant. This 
showed that the relation of chlorophyll 
content in the leaves to bicarbonate level 
became more pronounced with elapsed 
time. 

The extractable iron content of the 
trifoliolate leaves also showed a close 
linear relationship with treatment, even 
though there was appreciably more un- 
accountable variation in this component 
than in the two previously mentioned 
entities. 

Space does not permit a full discussion 
of all entries in table 7. The reader may 
examine and evaluate these data accord- 
ing to his interest. In evaluating the 
cationic contents of the primary and 
trifoliolate leaves, it should be empha- 
sized that there was a markedly negative 
correlation in both types of leaves be- 
tween calcium content and level of treat- 
ment. By contrast, potassium content 
was positively correlated with treatment 
to a rather high degree. Total cationic 
equivalents showed only little relation to 
treatment, and the correlation of mag- 
nesium content was relatively minor. 
These statistics emphasize that the effect 
of the bicarbonate ion on the cationic 
nutrients is expressed predominantly by 
a depression in calcium accumulation. 
HELLER et al. (21) also noted that the 
presence of NaHCO, in the culture 
medium was associated with a marked 
lowering in the calcium content of 
tomato plants. 

Table 7 presents statistics for various 
cationic ratios as related to treatment. 
All those considered excepting the potas- 
sium/magnesium ratio show a very high 
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degree of covariance with treatment. 
The potassium/calcium ratio showed 
the highest correlation with treatment 
(96.0%) of any cationic component 
studied. This may have been antici- 
pated, since the absolute values for 
calcium and potassium content of leaves 
were highly correlative with treatment. 
The high significance of the calcium 
magnesium ratio is probably merely a re- 
flection of the high degree of correlation 


TABLE 8 
RATIOS SHOWING PROPORTIONATE INCREASE 
IN DRY WEIGHT FOR SPECIFIED 
GROWTH PERIODS 


| 

M.e./l. wre me 

NaHCO, First Sec ond | Third 

z period | period | period 
in culture Re | ( Ne eres 

solution ‘ 3/4) | SATS | pi 
Pane 252 | 3.98 4.68 
ee 2.94 3.26 4.20 
1 2.36 2.53 2.64 
BD ai snake aM 2.55 1.34 ee is 


between calcium content and treatment. 

The ratio of monovalent to divalent 
cations in the trifoliolate leaves is cer- 
tainly very closely related to treatment, 
but it is probably only a reflection of the 
pronounced covariance between potas- 
sium-calcium and treatment. 

Phosphate accumulation in the pri- 
mary leaves showed very little relation to 
treatment, but in the trifoliolate leaves it 
is evident that the bicarbonate level de- 
pressed phosphate accumulation to a 
highly significant degree and that this 
effect varied little with time of observa- 
tion. 

In evaluating the relation of organic 
acid content of leaves with level of added 
NaHCoO,, it is noteworthy that no com- 
ponent in either type of leaf shows really 
high covariability with treatment. Citric 
acid content is consistent in that it is 
highly significantly correlated with treat- 


ment when tested for both primary 
and trifoliolate leaves, but the regressions 
are negative for the primary leaves and 
positive for the trifoliolates. 

The array of statistics in table 7 tends 
to cast doubt that the bicarbonate treat- 
ments had a direct effect on organic acid 
accumulations. It is more likely that the 
significant correlations obtained are mere- 
ly reflecting intercorrelation with other 
internal components that are directly re- 
lated to treatment. 

The concomitance between growth re- 
sponse and the status of certain internal 
components was quantitatively evalu- 
ated. To this end it seemed preferable to 
adopt an index of the dynamic character 
of growth as distinguished from a static 
appraisal such as that given by data 
for terminal dry weight. Accordingly, 
growth over a given interval was re- 
corded as the ratio between the dry 
weight per plant at the end of the period 
to that at the start. The ratios derived 
from data presented in figure 1 are re- 
corded in table 8. Although the time 
interval for the third period is twice that 
of previous two periods, it is of interest 
that there was no significant difference 
among period means of these ratios. 

In correlating these data for rate of 
growth with those indicating internal 
status, it appeared unsound to use obser- 
vations on a given component at either 
the beginning or the end of a specified 
growth period. Consequently, the mean 
of the initial and terminal figures for a 
given component were used in the cor- 
relations with rate of growth. Since there 
were no trifoliolate leaves on the plants 
harvested on Feburary 26, data involv- 
ing contents of trifoliolate leaves during 
the first period of growth were based on 
the status of the primary leaves at the 
start of this period. 

The statistics presented in table 9 were 
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derived similarly to those given in table 
7. Since growth response is designated as 
the dependent variable in each instance, 
the column of figures showing the per- 
centage of total variance in the de- 
pendent variable attributable to time of 
observation is omitted, because the value 
is uniformly 2.7% for all comparisons. 
Although growth is herein arbitrarily 
shown as the dependent variable, it 


WADLEIGH & BROWN 


-CHLOROSIS 385 


adequately expressed the relation for 
ach of the three growth periods, since 
the percentage of variance attributable 
to differences among regressions was 
nearly nil. 

Rate of growth showed a remarkably 
close linear relationship with observa- 
tions on extractable iron. This was prob- 
ably due to intercorrelation, since the 
extractable iron may be logically inter- 


TABLE 9 


RELATION OF GROWTH TO STATUS OF CERTAIN COMPONENTS 
OF TRIFOLIOLATE LEAVES 


Independent (Ty?)p (ya (Ty?)- 
variable (%) (%) (%) 
Chlorophyll go. 2** 9 6.3 
“Sol” Fe $0.9°"* 6.2 10.3 
Ca = S4:4°" | 44 10.5 
Mg.. ee 6y.ee" | Ee 28.5 | — 
.. §7.1°* | 2.5 | 7.7 |= 
> cations ’ 13.6 | 61.8* | 21.9 
Ca/Mg .| 82.27% | 2.8 | 12.4 
K/Ca fae | a0 6.1 | — 
K/Mg -++| 55-5 14.5 | 27-3 
K+Na/Ca+Mg.....| 88.6** | 1.9 6.8) — 
Y org. acids 974.8°* | .9 21.5| — 
Citric acid P 84.4** i 2\|— 
Malic acid ; 9.9 4.6 82.8 | — 
Ca/citric acid o7.3"" 2 4.7 
Phosphate 96:29" | 36.4" | 3.6 


* Significant at the 5°; level. 


** Significant at the 1°) level 


should be implied that growth is an 
actual physiological resultant of the inde- 
pendent variables so selected. 

It is indeed striking that growth rate 
is such a close concomitant of chloro- 
phyll content of the trifoliolate leaves. 
This relationship could be logically set 
forth as implying causation, since all 
energy involved in growth processes 
enters the plant through the catalytic 
activity of chlorophyll. The pertinence of 
the relationship is further emphasized 
by the fact that the average regression 


(rq)? 

bs b a | ba : 
(%) 
.70 1.31 1.32 1.209 92.7°" 
2.5 69.5 15-3 65.6 33.3" 
.028 .055 | 065 | 058 | 86.7** 
.048 | — 126 | — 138 | — .132 | 69.3** 
.030 | — 087 | — .059 — 063 | 89.5** 

.O13 .035 | — .067] — .023 | 14.0 
1.13 2.2 oar | 2.30 84.3** 
.§2 — 1.36 — 1.97 — 1.50 84.9** 
fe — 6.49 —1I.4 — 7.95 $9.6" 
1.79 — 3.50 — 4.03 | = 3.76 g1.0** 
032 | — .046| — .059/] — 054 | 77.0** 
.007 | — .096| — .084 | — .084 | 86.7** 

. 29 — o16 — 3 - 074 10.2 
2233 2.94 4.25 3.41 | 89.7** 
cg6 233 454 280 | 78.5** 


preted as conditioning chlorophyll con- 
tent (see next section). 

The statistics show that there was a 
high degree of concomitance between 
both calcium and potassium contents of 
trifoliolate leaves and growth rate, the 
relations being positive with calcium and 
negative with potassium. Growth rate 
was negatively related to magnesium 
content of these leaves but was unre- 
lated to the summation of cation equiva- 
lents. In view of the preceding, it is to be 
expected that rate of growth would also 
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be closely related to certain cationic 
ratios. Data in table 9 show this to be 
the case. It is especially noteworthy that 
growth rate was found to be such a close 
concomitant of the ratio of monovalent 
to divalent cations. 

In evaluating these close relationships 
between growth rate and the status of 
cations in the trifoliolate leaves; it must 
be recognized that the physicochemical 
properties of the colloidal constituents of 
protoplasm will be conditioned by the 
nature of the cationic swarms about the 
micelles. It has been demonstrated that 
the activity of certain enzyme systems is 
dependent on the nature of the cations 
present as well as the proportional dis- 
tribution (5, 34); yet it cannot be un- 
qualifiedly stated that growth rate was 
directly dependent upon the cationic 
status in the trifoliolate leaves, since it is 
possible that cationic status is merely 
intercorrelated with other factors that 
effected loss of chlorophyll and depres- 
sion of growth. In other words, the 
cationic status in the tops may be merely 
a resultant of disturbed metabolism in 
the absorbing roots and not necessarily a 
primary causative factor in the observed 
growth responses. The data do not permit 
an unqualified conclusion to be drawn. 

Similarly, even though a high degree 
of correlation was found between growth 
rate and phosphate content of the tri- 
foliolate leaves (table g), it cannot be 
stated that causation was involved, since 
the status of phosphate may be merely 
a concomitant of primary factors condi- 
tioning growth. 

Total organic acids, and especially 
citric acid, showed a high degree of in- 
verse concomitance of growth rate. ILJIn 
(25) considered citric acid accumulation 
as a predictor of the onset of chlorosis, 
but more likely it results from disturbed 
metabolism induced by any of several 





BOTANICAL GAZETTE 


causes. As pointed out by BONNER (3), 
an accumulation of citric acid must indi- 
cate a block in the aconitase system. It is 
not known if the activity of this enzyme 
is conditioned by the status of cations in 
the substrate. 

The growth rate was found to have a 
very high positive correlation with the 
calcium-citrate ratio in the trifoliolate 
leaves (table 9). The question immedi- 
ately arises as to whether the lower 
calcium content that was associated with 
decreased growth also depressed the 
activity of aconitase and permitted 
citrate to accumulate. The answer is not 
available. 

Although it was shown that rate of 
growth showed a high degree of covari- 
ance with several components of these 
bean plants, it was not possible to de- 
fine the channels of causation. It was 
stated that considerable intercorrelation 
among the various components pre- 
vailed. Table ro sets forth information on 
the latter point. For each comparison in 
this table, the component arbitrarily 
selected as the dependent variable is 
listed first, and the independent variable 
second. The data for percentage dis- 
tribution of variances pertain to the de- 
pendent variables. The data in this table 
were calculated in the same manner as 
that described for table 7, excepting that 
the column of figures headed by 8, desig- 
nates the regression coefficients obtained 
among means for times of harvest, and 
the r; values show the proportion of vari- 
ance related to time of harvest that may 
be accounted for by linear regression on 
comparable means for respective inde- 
pendent variables. These data aid in 
ascertaining whether a given relation- 
ship has the same characteristics between 
times of harvest as between treatments 
at a given time. 

It is evident that a reasonably close 
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relation exists between chlorophyll and 
extractable iron content. Since it is well 
established that iron in some degree of 
activity is essential for chlorophyll for- 
mation, one might even have anticipated 
a higher degree of concomitance. It was 
mentioned earlier that the authors were 
not completely satisfied with their tech- 
nique for determining iron in leaves and 
that the results may be somewhat 
aberrant. It is reasonable to conclude 
that the relation here found between 
chlorophyll and active iron implies 
causation. 

The content of chlorophyll in the 
leaves was found to be closely related to 
calcium content, inversely related to 
potassium content, and inversely related 
to the potassium/calcium ratio. LINDNER 
and HARLEY (30) and others (50, 51) 
have reported these same conditions pre- 
vailing in leaves showing lime-induced 
chlorosis. It is even more striking that 
such a high degree of concomitance 
should be found between chlorophyll and 
the ratio of monovalent to divalent cat- 
ions. On the basis of the present study, 
it is not possible to state whether chloro- 
phyll concentration was directly af- 
fected by cationic status or whether the 
condition of both resulted from parallel 
influences by a precursive cause. Linp- 
NER and HARLEY (30) suggested on the 
basis of their data that relatively high 
potassium levels in leaves inhibit the 
enzyme responsible for chlorophyll for- 
mation, but BENNETT (1) regarded this 
as improbable. 

The significant relationships that ap- 
peared to prevail between chlorophyll 
and both phosphate and citrate probably 
merely reflect the effects of other inter- 
correlations. Even though chlorophyll 
content was found to be definitely re- 
lated to the ratio of calcium to citrate, a 
causative influence may not be inferred. 


The content of extractable iron was 
found to be closely related to content of 
calcium and to the potassium/calcium 
and monovalent/divalent cation ratios, 
and, as is further shown in table ro, the 
status of potassium, as well as those of 
the aforementioned ratios, is closely re- 
lated to content of calcium. Certainly, 
“activity” of iron is much more closely 
related to calcium than to potassium. 
The fact that the status of so many other 
components in the leaves was closely re- 
lated to calcium lends additional weight 
to the inference that calcium accumula- 
tion was a primary variant within these 
plants. 

The data do not suggest that phos- 
phate accumulation affected the “‘activ- 
ity”’ of iron in these plants, since the two 
components were found to be positively 
related. The “activity” of iron appears 
to have little relation to the accumulation 
of citric or other organic acids. 

An extremely high degree of positive 
concomitance was found between citrate 
and potassium contents. This may in 
some degree suggest that relatively high 
potassium levels coupled with a depres- 
sion in calcium tend to inhibit activity 
of aconitase. The concurrence of these 
observed effects suggests a basis for 
ILyjIn’s (25) observation that citrate ac- 
cumulation is precursive to the develop- 
ment of chlorosis. 

It is evident that citrate is the main 
variant in the total content of organic 
acids and that there is a very close rela- 
tionship between accumulation of cat- 
ions and total organic acids. The im- 
portance of organic acids in cation- 
anion balance has been previously em- 
phasized (38, 47). 

In recapitulating the observations 
made during this study, the authors con- 
clude that the primary disturbance arises 
at the root surface as a result of the effect 
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of accumulations of bicarbonate upon the 
activities of the absorbing cells. OvER- 
STREET ef al. (37) pointed out as a result 
of studies on absorption of tagged bi- 
carbonate that appreciable accumulation 
of bicarbonate by roots has never been 
demonstrated. These observations indi- 
cate that the predominant anions in the 
bicarbonate cultures did not enter the 
roots. On the other hand, through a 
mass-action phenomenon a relatively 
high concentration of bicarbonate on the 
external surface of the root would be in- 
hibitory to CO, diffusion outward. Re- 
spiratory activity is essential for the 
process of salt accumulation by roots 
(22), and it is conceivable that this and 
other processes would be disrupted if the 
end-product of respiration is intensified 
in the absorbing cells. Higher levels of 
bicarbonate maintained at the root sur- 
face are tantamount to higher levels of 
CO, pressure at elevated pH. JACoBs (27) 
found that alkaline solutions containing 
NaHCO, were as effective in producing 
intracellular acidity as slightly acidic 
solutions with increased CO, pressure. 
CHANG and Loomis (8) have shown the 
specific toxicity of high concentrations 
of CO, upon graminaceous plants grow- 
ing in water cultures at pH 4.0. Absorp- 
tion of nutrient elements was depressed 
with the most pronounced effect upon 
entry of potassium. However, they noted 
differences in response among different 
species. 

Many components of the bean plants 
were affected by bicarbonate level in the 
substrate, but it was indicated statisti- 
cally that the primary effect on the plants 
was to depress entry of calcium and to 
accentuate entry of potassium. The work 
of STEWARD and PRESTON (45) is perti- 
nent in this connection. They studied the 
effect of pH value and components of the 
bicarbonate buffer system on the entry 


of bromide into potato disks and found 
that “the most effective component of 
the bicarbonate buffer system which 
suppresses the uptake of bromide is the 
bicarbonate ion itself.”” They further ob- 
served that increasing concentrations of 
KHCO, progressive:y depressed protein 
synthesis and oxidase activity and com- 
mented that ‘‘this is the only case yet en- 
countered in these investigations in 
which an increased concentration of a 
potassium salt decreased the respiration 
and metabolism of potato discs. It is evi- 
dent that this effect is due specifically to 
HCO, and H,.CO,.” The data also 
showed that potassium was absorbed 
even at the higher concentrations of bi- 
carbonate that suppressed protein syn- 
thesis and bromide absorption. 

The bicarbonate ion was found to de- 
press the accumulation of iron in leaves 
to a degree similar to that observed for 
calcium. Enhanced CO, pressures on cells 
change protoplasmic consistency (28), 
and the data presented indicate that the 
permeability of bean roots to monovalent 
ions was enhanced but that to divalent 
ions was depressed. Analysis of the bean 
roots for iron might have shown an ac- 
cumulation such as MCGEORGE (31) ob- 
served for seedlings grown on soils that 
induce chlorosis, but it is also likely that 
much of the iron so determined would 
have actually been occluded on the sur- 
face of the roots as ferric carbonate or 
ferric phosphate. The authors are in- 
clined to the view that bicarbonate ion 
induced the chlorosis and growth de- 
pression of these bean plants through its 
action on entry and activity of iron and 
that other derangements in the chemical 
status of the plants are largely concomi- 
tant with the effect of iron absorption and 
activity. 

It is of interest to consider the degree 
to which the foregoing results may apply 
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to lime-induced chlorosis in the field. 
Carbon dioxide evolved by roots or by 
microbial activity would react with 
CaCO, present in the soil to effect an 
increased concentration of HCO; at 
the root surface, even though no change 
in average CO, content of the soil mass 
could be detected analytically. THORNE 
(46) found no relation between degree of 
chlorosis and content of CaCO, on a 
calcareous soil in Utah but he did observe 
that chlorosis was related to the degree of 
compaction prevailing in the soil. Since 
compaction would depress gaseous inter- 
change and facilitate CO, accumulation, 
it is possible that the compacted soils 
that induced chlorosis also effected a 
higher concentration of bicarbonate at 
the root surfaces. 

There is much evidence that lime- 
induced chlorosis is intensified by high 
moisture content of the soil (6, 7, 41). 
Theoretically, higher soil-moisture con- 
tent should be inhibitive to gaseous inter- 
change and conducive to the accumula- 
tion of the bicarbonate ion in calcareous 
soils. Even though REUTHER and CRrAw- 
FORD (41) found no relationship between 
CO, content of a sample of the soil at- 
mosphere and the degree of chlorosis of 
grapefruit when the intensity of symp- 
toms varied with soil-moisture content 
over an irrigation cycle, it is possible that 
present gross sampling procedures of the 
soil atmosphere do not necessarily repre- 
sent the state of the CaCO,-HCO,-CO, 
equilibrium at the root-soil interface. Cer- 


tainly, the observations of HARLEY and 
LINDNER (20) strongly support the evi- 
dence that the bicarbonate ion may be 
the primary malefactor under conditions 
effecting “‘lime-induced”’ chlorosis. 


Summary 


1. The response of bean plants to ad- 
ditions of 8, 16, and 32 m.e./l. NaHCO, 
to a base nutrient solution was compared 
with that of plants grown on _ base 
nutrient solution adjusted to pH 8.0 with 
NaOH. 

2. Higher concentrations of sodium 
bicarbonate were associated with greater 
intensities of chlorosis and marked in- 
hibition in growth. 

3. The treatments primarily effected 
a lowered iron “activity” and calcium 
content of the leaves and an enhanced 
potassium content. 

4. The accumulation of citric acid in 
leaves showing intensified chlorosis was 
found to be a direct concomitant of 
potassium content. 

5. It is suggested that the primary ef- 
fect of the bicarbonate ion was through 
its effect on protoplasmic consistency of 
the absorbing cells of the roots so that 
these bean plants showed an accentu- 
ated accumulation of monovalent cations 
and a depressed accumulation of divalent 
cations. 

6. The relation of bicarbonate-in- 
duced chlorosis to lime-induced chlorosis 
in the field is discussed. 
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THE FLORAL MORPHOLOGY OF CLETHRA ALNIFOLIA WITH 
SOME NOTES ON C. ACUMINATA AND C. ARBOREA! 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 632 


LEROY G. KAVALJIAN 


Introduction 


Clethra, comprising some thirty to 
forty species of primarily Asiatic and 
American distribution, is usually the 
only genus classified in the Clethraceae. 
On the basis of the valved capsule and its 
type of dehiscence, the attachment and 
structure of the seed, and the method of 
dehiscence of the anthers, the family has 
long been considered a member of the 
Ericales. It was raised to family rank by 
Kiotzscu (18) on the basis of the chori- 
petalous, actinomorphic, deciduous co- 
rolla, the dehiscence of the  two- 
chambered anthers by means of apical 
clefts, a two- to three-parted stigma, a 
loculicidal capsule, and the lack of bud 
scales. Of all the families placed in the 
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order, the Clethraceae has often been 
regarded as one of the more primitive. 
Morphological studies have been made of 
various groups of the Ericaceae (1, 5-9, 
14, 16, 22-25, 27), some species of the 
Empetraceae (15, 27), Diapensiaceae 
(14, 27), and Epacridaceae (1, 24, 27). 
The present study was undertaken to 
elucidate as much as possible the rela- 
tionships of the Clethraceae with these 
families on the basis of various characters 
of floral morphology. It is hoped that de- 
tailed examination of the morphological 
features of various members of the Eri- 
cales will aid in the further clarification 
of relationships both within the order and 
between it and related groups. 

DruDE (10) divided the genus Clethra 
into three sections: 

Section I.—Stamens and pistil projecting 
for a considerable distance beyond the stellately 
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expanded corolla. Deciduous shrubs. C. alni- 
folia L., C. acuminata Michx., and C. barbinervis 
Sieb. & Zucc. 

SecTION I[.—Stamens included but stigmas 
extending beyond the corolla; anthers with 
rather long clefts at the apex; each locule 
with a short beak at the base. Evergreen, low 
tree. C. arborea Ait 

Section III.—Stamens and pistil not pro- 
jecting beyond the corolla; anther halves un- 
diverged at the base. Evergreen trees. This is 
the largest section and contains the remaining 
species. 
The three species which were studied 
C. alnifolia, C. acuminata, and C. arborea 

represent the first two sections; no ma- 
terial was available of the third. 

Some details of anthers and ovules of 
an unnamed species of Clethra have been 
presented by Artoporus (1) and of 
ovules and seeds in C. acuminata, C. 
alnifolia, C. arborea, and C. barbinervis by 
PELTRISOT (25) and SAMUELSSON (27). 
HAGERUP (14) has contributed chromo- 
some-number determinations of C. ar- 
borea and C. alnifolia. The anatomy of 
vegetative organs and the structure of 
pollen, ovules, and seeds of C. alnifolia, 
C. arborea, C. tomentella, and C. to- 
mentosa were investigated by LECHNER 
(19) for the determination of the taxo- 
nomic position of Clethra and three other 
genera which are now placed in the 
Actinidiaceae (Dilleniales). The vascular 
anatomy of the flower of C. alnifolia was 
briefly considered by HANcy (16). 

This paper presents observations on 
the organography, floral development, 
vascular anatomy and the anatomy of 
the floral organs, microsporogenesis, and 
megasporogenesis in C. alnifolia, to- 
gether with some observations on C. 
acuminata and C. arborea. 


Material and methods 


Plants of Clethra alnifolia and C. 
acuminata, obtained from E. C. Ros- 
BINS, Gardens of the Blue Ridge, Ash- 


ford, North Carolina, were grown in a 
greenhouse at the University of Chicago. 
Plants of C. arborea, obtained from W. 
B. Clarke and Company, P.O. Box 343, 
San Jose 2, California, were also grown 
in the greenhouse. Only C. alnifolia, 
however, has flowered to date. Floral 
material of C. arborea was collected by 
Dr. B. F. PALSER and by the author at 
Strybing Arboretum, San _ Francisco, 
California, with the kind permission of 
the supervisor, Mr. Eric WALTHER. 
Material of C. acuminata was obtained 
by the same collectors from the Cumber- 
land Falls area in Kentucky and, with 
the permission of Mr. ARTHUR STUPKA, 
Park Naturalist, from Great Smoky 
Mountains National Park, Tennessee. 
Conant’s modification of Navashin’s 
solution was used for killing and fixing 
most of the collections. A formalin— 
acetic acid—alcohol solution was used for 
some collections in an unsuccessful at- 
tempt to obtain material that would sec- 
tion more easily. All collections were de- 
hydrated in an ethyl alcohol-tertiary 
butyl alcohol series. Various treatments, 
including soaking in water, nitric acid, 
and safranin solutions, mixtures of other 
waxes with paraffin, etc., were used with 
the hope of achieving better sectioning. 
Imbedding in Fisher Tissuemat (60° 
62° C. m.p.) without special preliminary 
treatment gave the best, but by no 
means completely satisfactory, results. 
In addition to the inherent hardness of 
the material, the many thick-walled 
hairs arising from the epidermis of the 
pedicel and calyx caused considerable 
trouble in sectioning, so that, whenever 
possible, the sepals and pedicel were re- 
moved before dehydration. Cross and 
longitudinal series, ranging in thickness 
from 6 uw to 15 uw, but mostly 10 uw, were 
cut. FostTer’s (13) tannic acid-ferric 
chloride and safranin stain was found to 
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be very satisfactory for most anatomical 
studies. Heidenhain’s iron alum—hema- 
toxylin counterstained with Orange G 
was used to confirm and add certain 
cytological details. All drawings except 
figures 2-8 were made with a camera 
lucida. 
Observations 


The descriptions of Clethra alnifolia 
that follow are based on both fresh ma- 
terial and sections, while those of C. 
acuminata and C. arborea are based pri- 
marily on sections. 


CLETHRA ALNIFOLIA L. 


F’LORAL ORGANOGRAPHY.— From twen- 
ty to fifty flowers are borne in an erect, 
terminal raceme or panicle, each flower 
in the axial of a bract (fig. 1). The flower 
is pentacyclic, predominantly pentamer- 
ous (the gynoecium consists of only three 
undiverged carpels), actinomorphic, 
choripetalous, hypogynous, and perfect. 
The sepals are slightly reflexed (fig. 63), 
and the very basal portions are undi- 
verged (fig. 18). A rather heavy pu- 
bescence covers the surface of both 
pedicel and sepals (fig. 2). Aestivation in 
the bud is quincuncial—that type of im- 
bricate aestivation in which two mem- 
bers are wholly external, two wholly in- 
ternal, and one is half-internal and half- 
external (fig. 27). 

Five completely diverged petals alter- 
nate with the sepals, are wholly glabrous, 
and show an aestivation which is also 
quincuncial (fig. 27). 

The ten stamens occur in two whorls of 
five each. The outer whorl is opposite the 
petals and arises at a slightly lower level 
than the inner whorl which is opposite 
the sepals. The completely glabrous fila- 
ments are only slightly enlarged at the 
base and are flattened laterally, having a 
rectangular shape in cross section (figs. 
26, 27). In the bud they meet the ex- 
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trorse anthers at a point approximately 
one-fourth of the distance from the apex 
of the anthers. Inversion of the anther 
occurs at anthesis, however, so that the 
morphological base becomes the appar- 
ent apex, and vice versa, and the 
stamens become introrse (figs. 4, 5) with 
the filaments meeting the anther near the 
base. The short clefts formed at the time 
of dehiscence are found at the apparent 
apex (i.e., the morphological base) (figs. 
3, 5, 6). The anther has four thecae, two 
on each side of the connective, each pair 
becoming united into a single sac a short 
time before the pollen is shed. Some 
elongation of the filament occurs before 
anthesis, so that, in older buds, there is 
an outward and downward bend in the 
upper part of the filament as it ap- 
proaches the anther (fig. 63). After com- 
plete elongation of the filament the total 
length of the anther is about one-fifth of 
that of the filament (fig. 3). The thecae 
closest to the connective extend farther 
downward toward the apparent base 
than the other thecae. The two halves 
of the anther are separated from each 
other at the apparent apex for about half 
their total length. At the apparent base 
they are undiverged and continue below 
the base of the thecae as a single, at- 
tenuated, sterile tip. The two halves 
spread apart at the point where they 
diverge (figs. 3, 6). 

There are no appendages such as spurs 
or awns on the stamens which at an- 
thesis are definitely exserted (fig. 3). The 
pollen is shed as single grains, not as 
tetrads as in many of the Ericales. 

The ovary, which is heavily pubescent 
on its upper surface (figs. 7, 8), is es- 
sentially globular but has a depression at 
the top from which the style emerges 
(fig. 63). The style is straight except for a 
slight expansion just above the ovary 
and terminates in three short branches 
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with stigmatic surfaces at their tips. At 
anthesis the stigmas are located well be- 
low the level of the stamens, but the 
style soon elongates, elevating the stig- 
mas to a position beyond the level of the 
stamens (figs. 3, 7, 8). The ovary is 
three-carpellate, with the three locules 
occurring opposite the two wholly ex- 
ternal sepals and the one which is half- 
internal and half-external (fig. 28). The 
three pendant placentae arise from the 
upper portion of a central column (figs. 
28, 63); thus the placentation is axile. 
Each placenta occupies about one-third 
of the locule area of a single carpel and 
bears ovules on the outer surface be- 
tween it and the dorsal wall (fig. 28). 
There are about forty relatively small 
ovules per carpel. They are unitegmic, 
tenuinucellate, and closer to anatropous 
than any other condition (fig. 52). 

A split develops in the tissues of the 
central column, above the level of the 
placentae, and extends radially in the 
plane of the placentae, thus becoming 
continuous with the locules. It continues 
into and through the style, forming a 
three-angled stylar canal (fig. 29). The 
angles of the canal correspond to the 
locules and are continuous with them, 
while the tissues between the angles cor- 
respond to the septa. The canal is almost 
completely closed in young buds but 
opens rather widely in older flowers. 
Loose, papillate cells cover the stigmatic 
surfaces. 

A relatively narrow zone on the out- 
side of the very base of the ovary wall ap- 
pears to be nectariferous in nature (fig. 
25). Because there is no enlargement in 
the ovary wall in connection with this 
zone, a nectary of the simplest type is 
indicated. 

FLORAL DEVELOPMENT.—Flowers are 
initiated in early spring and develop 
during spring and early summer, with 


anthesis occurring in midsummer. The 
order of appearance of individual flowers 
in the raceme or panicle is essentially 
acropetal (fig. 1) and spiral. Each indi- 
vidual flower appears as a blunt pro- 
tuberance in the axil of a bract on the 
axis of the raceme or panicle (fig. 9). 
Growth is more rapid in circumference 
than in length, thus broadening the pri- 
mordium. At the outer edge of the young 
apex the sepal primordia arise first, fol- 
lowed successively in an inward and 
somewhat upward direction by pri- 
mordia of petals, stamens, and, finally, 
carpels (figs. 10-16). 

By the time the archesporial cell in 
the ovule has differentiated, cells of the 
microsporogenous tissue are in initial 
phases of meiosis. When the arche- 
sporial cell has matured to form the 
megaspore mother cell, the reduction 
divisions of the microspore mother cells 
have been completed and the resulting 
tetrads separated into their constituent 
spores. 

VASCULAR ANATOMY.—The vascular 
tissues of the peduncle and rachis of the 
raceme or panicle are in the form of a 
complete cylinder (fig. 17), that of the 
rachis broken by gaps left by traces to 
bracts and pedicels. Each bract below a 
flower receives a single trace, which 
leaves a single gap. Some branching of 
the bundle occurs within the bract. 
Each pedicel receives its vascular supply 
in the form of two traces; these arise on 
either side of the gap left by the bract 
trace and increase the size of the gap. 
The two bundles in the pedicel base 
soon form an essentially complete cylin- 
der which traverses the rest of the pedicel 
to enter the receptacle where it broadens 
slightly before the traces to the floral 
organs arise (fig. 20). 

In the receptacle it is difficult to deter- 
mine just how many whorls of bundles 
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Fics. 1-16.—Organography and floral development of Clethra alnifolia. Figs. 1-8, organography: fig. 1 
longisection of young inflorescence, X16}; fig. 2, flower bud at anthesis, anthers partially inverted, X63; 
fig. 3, flower, shortly after anthesis, X3; fig. 4, stamen from a bud, prior to anther inversion; arrow points 
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arise because of the considerable com- 
paction in the region of their origin. The 
bundles of the outer whorls, but par- 
ticularly of that whorl supplying the 
sepals, curve downward in their course 
outward through the receptacle before 
turning up in a more normal position 
(fig. 63). The first whorl of bundles, five 
in number, forms the median supply of 
the sepals. Each median trace arises 
from the central cylinder and leaves a 
gap in the vascular ring (figs. 21, 22). 
The large strands of vascular tissue left 
between these gaps turn outward quite 
sharply immediately above the origin of 
the median sepal traces (fig. 23). The 
lateral traces of adjacent sepals arise as 
common bundles from the lower and 
outer surfaces of these strands. A com- 
mon bundle divides radially in its down- 
ward and outward course, half passing to 
each of the adjacent sepals (fig. 18). Each 
sepal thus receives basically three traces, 
but, as the lateral traces often branch 
while still passing out to the sepals, the 
sepal base usually has six to seven traces 
(fig. 22). Occasionally, further branching 
occurs at higher levels in the sepals. 

Each petal is supplied with a single 
trace which is derived close above the 
common lateral sepal traces, and thus 
alternating with the plane of the median 
sepal traces (figs. 19-22). A petal trace 
usually divides to form two to three 
strands in the base of the petal (fig. 24). 
Further divisions occur higher up, com- 
monly resulting in nine bundles. 

Traces to the petalad stamens have a 
common origin with the petal supply. A 
tangential division during the outward 


outward, 17; fig. 5, stamen from a flower, subsequent to anther inversion; arrow points outward, X1 
fig. 6, stamen from a flower, subsequent to anther inversion, showing apical] dehiscence clefts, X17; fig. 
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course of the common bundle gives rise 
to the petal strand on the outside and 
the stamen strand on the inside (figs. 21 
24). Each stamen bundle passes undi- 
vided through the filament and into the 
connective of the extrorse anther, where 
it bends downward before terminating. A 
small strand essentially provascular in 
nature also extends upward in the con- 
nective above the bend (fig. 63). 

Traces to the sepalad stamens arise 
from one side of the median sepal gap 
and curve outward to become aligned in 
the plane of the median sepal bundles. 
They appear to arise laterally from the 
vascular strands which gave rise first to 
the lateral sepal traces and then to petal 
and petalad stamen traces (figs. 21-24). 
There is no consistent pattern of orienta- 
tion in the origin of a sepalad stamen 
trace with respect to the side of the gap 
from which it arises. The bundle in the 
sepalad stamen follows a course similar 
to that described for the petalad stamen. 

The small dorsal carpel bundles origi- 
nate in the plane of the two wholly ex- 
ternal sepals and the one which is half- 
external and half-internal. Each arises 
from one side of a median sepal gap, 
usually from the side opposite the origin 
of the sepalad stamen trace, though oc- 
casionally it may diverge at a slightly 
higher level on the same side as the se- 
palad stamen trace (figs. 22-24). The 
dorsal carpel strands are not consistent 
with respect to the side of the gap from 
which they originate. They usually pass 
undivided through the carpel wall, turn 
under the depression at the top of the 
ovary, and enter the style where each is 
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gynoccium from a flower, shortly after anthesis and prior to elongation of style, X63; fig. 8, gynoecium from 
a flower, about 1 day after anthesis and after elongation of style, X63. Figs. 9-16, floral development, 41: 
fig. 9, young floral primordia; figs. 10-11, origin and development of sepals; fig. 12, origin of petals; fig. 13, 


origin of stamens; fig. 14, origin of carpels; fig. 15, locule formation; fig. 16, origin of placentae. 








Fics. 17-29,—Vascular anatomy of flower of Clethra alnifolia, X16. Diagrams of serial cross sections of | 
bud from pedicel to top of ovary. Figs. 19-25 are from sections 20 uw apart. In more critical areas of receptacle 
vascular tissue is outlined; solid areas within outlines indicate xylem. ( 
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located at the end of an angle of the 
stylar canal (figs. 29, 63). They continue 
through the style and its branches to a 
point just below the stigmas, where each 
one broadens considerably in a lateral 
direction and terminates. 

Eight to twelve small septal carpel 
bundles, which leave gaps, arise above 
the level of the whorl of dorsal carpel 
strands and in the plane of the two 
wholly internal sepals and the petal be- 
tween the half-external and half-internal 
sepal and the adjacent wholly external 
sepal. These septal bundles branch and 
rebranch, thus supplying the ovary wall 
between the septa and the dorsal carpel 
bundles (figs. 25, 26). The main septal 
bundles pass upward in the ovary wall in 
the plane of the septa to the top of the 
ovary, where they fade out without 
reaching the base of the depression or 
entering the style (fig. 29). 

The remaining central vascular tissue 
of eight to twelve small bundles con- 
stitutes the ventral carpel supply (fig. 
27). These small bundles turn quite 
sharply inward at first and then upward. 
They gradually meet to form an essen- 
tially continuous vascular ring which 
then redivides to form three bundles cor- 
responding to the three locules. Each 
strand constitutes the total ventral 
supply of a single carpel and passes into 
the placenta, where it branches to form 
the vascular supply to the individual 
ovules (fig. 28). 

The nectariferous tissue apparently 
receives no vascular supply. The main 
features of the vascular anatomy as de- 
scribed above agree with those presented 
by Hancy (16). 

ANATOMY OF FLORAL ORGANS.—Just 
below the receptacle the stele occupies 
about one-fourth of the total diameter of 
the pedicel. The pith is small, and the 
cortex relatively large. Many cells in 


most tissues of the flower contain a dark- 
ly staining, homogeneous-appearing sub- 
stance which is similar to that which 
other authors (6, 17, 23) have observed in 
other members of the order and have 
tentatively identified as tannin or a 
tannin-like material. This substance will 
be so considered in this paper also, al- 
though it has not been chemically identi- 
fied. Many of the small, rather columnar 
epidermal cells contain tannin; others 
form long, thick-walled, unicellular, tan- 
niniferous hairs which are usually found 
in groups of from two to five. The distal 
portions of these hairs project in all direc- 
tions and constitute the pubescence 
which other authors have called stellate 

covering the pedicel. Frequently, two- 
or three-celled uniseriate hairs also oc- 
cur. Each cell of a uniseriate hair usually 
contains tannin (fig. 60). 

Cells of the cortical parenchyma are 
roughly isodiametric. They are relative- 
ly large and are only slightly separated 
by intercellular spaces. Many of them, 
located at random throughout the cor- 
tex, are filled with tannin. 

The large size of cortical parenchyma 
cells makes it possible to distinguish cor- 
tex from stele. Identification of an endo- 
dermis and pericycle, however, is diffi- 
cult. Elements of xylem and phloem are 
relatively small in cross section. Matura- 
tion of the xylem is endarch; arrange- 
ment of phloem with respect to xylem is 
collateral. Wall thickenings of xylem 
elements are both scalariform and spiral, 
though predominantly the latter. Rays, 
varying from one to two cells in width, 
are present. A large number of pith cells 
are filled with tannin, as are also scat- 
tered parenchyma cells in xylem, phloem, 
and rays. 

Many epidermal cells of the abaxial 
surface of sepals are extended into thick- 
walled hairs similar to those on the 
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pedicel so that the outer surface of the 
sepals is thus also covered by a “‘stellate”’ 
pubescence. No hairs are found on the 
adaxial or inner surface, but here the 
columnar epidermal cells and a few of 
the oval hypodermal cells, particularly 
along the middle third of the surface, are 
thick walled. Nine to ten layers of 
chlorenchyma cells with some intercel- 
lular spaces occur at the point of maxi- 
mum thickness in the center of the sepal. 
Many druses occur in the chlorenchyma 
cells close to the adaxial surface. The 
veins are located closer to the adaxial 
than to the abaxial surface. In them the 
xylem-phloem arrangement is typical: 
phloem toward the abaxial surface and 
xylem toward the adaxial. Cells con- 
taining a tannin-like substance are con- 
centrated near the veins. 

The abaxial epidermal cells toward 
the apex of the petals are papillate; those 
near the base are not. Most epidermal 
cells are tanniniferous; toward the apex 
of the petal other cells, usually concen- 
trated around the veins, also show this 
characteristic. Both surfaces are covered 
with a fairly heavy layer of cutin which 
becomes fibrillated toward the apex of 
the petal. A greater size of the rather 
columnar, epidermal cells is noticeable 
particularly on the abaxial surface as 
compared with the adaxial, toward the 
base of the petal. The mesophyll is five 
or six cell layers thick and has little inter- 
cellular space. The number of layers de- 
creases toward the apex. Veins show the 
usual orientation—xylem on the adaxial 
surface and phloem on the abaxial. The 
petals are completely glabrous. No 
crystals were observed in them. 

Most of the epidermal cells of the fila- 
ment are filled with tannin. A few in- 
ternal cells also contain a similar ma- 
terial. The single unbranched vein shows 
the usual arrangement—xylem adaxially 


BOTANICAL GAZETTE 





[JUNE 


and phloem abaxially. In the connective 
of the extrorse anther the downward ex- 
tension of the vein ending shows the re- 
verse orientation. The upward extension 
shows the usual arrangement. The fila- 
ments are glabrous. A large number of 
epidermal cells of the anther as well as 
some cells of the connective and even an 
occasional cell of the endothecium are 
tanniniferous. Druses are found in the 
wall layers of the anther, in the cells of 
the connective, and in some cells of the 
endothecium (fig. 37). None was observed 
in the filament. The hypodermal layer 
forms a true endothecium by the thick- 
ening of its cell walls. The areas of endo- 
thecial development are shown in figure 
36. Near the apparent apex a very 
narrow region between the two thecae 
of each anther half is characterized by 
very small cells and no endothecium. Jn 
this region short slits are formed when 
dehiscence occurs. 

The ovary wall is eight or nine cells 
thick. The outer epidermis on the upper 
part and on the base of the style is char- 
acterized by a heavy pubescence. Hairs 
are of several types: very long, sharply 
pointed, thick-walled, unicellular or uni- 
seriate hairs which are stellately ar- 
ranged and contain tannin (fig. 62), and 
a few hairs which are similar but rela 
tively thin-walled and occur individually. 
Two layers of cells lining the locules are 
elongated with their axes oriented on 
different diagonals so as to cross each 
other. The compact cells between the 
outer epidermis and the Iz_ >rs lining the 
locules are relatively unduterentiated, 
isodiametric, and parenchymatous. Tan- 
nin occurs in cells of the two inner layers, 
many cells of the outer epidermis, scat- 
tered cells of the wall, style, septa, 
placentae, and in the stigmatic papillae. 
The vascular traces are small. The orien- 
tation of the dorsal bundles, which con- 
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tinue as the stylar traces, is usual: xylem 
toward the center and phloem to the 
outside. The same is true of the septal 
bundles and their branches. The ventral 
bundles, however, show the reverse orien- 
tation: xylem toward the outside and 
phloem toward the inside. Cells of the 
massive placentae are parenchymatous, 
with little intercellular space. The canal 
of the cylindrical style is lined with small, 
compactly arranged cells. Most of the 
cells of the style are relatively undif- 
ferentiated, isodiametric, and paren- 
chymatous. The three vascular bundles 
occur close to the ends of the angles of 
the canal (fig. 29). Each of the three 
stylar branches ends bluntly in a stig- 
matic surface covered with loosely ar- 
ranged papillate cells. Druses occur in 
cells of the placentae and of the ovary 
wall next to the two layers which line the 
locules. 

Cells of the nectariferous zone on the 
ovary base are small, compactly ar- 
ranged, and somewhat granular. Few 
cells containing tannin-like materials ap- 
pear in this zone. 

MIcROSPOROGENESIS.-The ten sta- 
mens arise immediately above the petals. 
The young stamen soon becomes dis- 
tinctly four-lobed in cross section, each 
lobe representing a microsporangium. In 
each microsporangial region, as seen in 
cross section, several large hypodermal 
cells differentiate as archesporial cells, 
which soon divide periclinally to form a 
layer of primary parietal cells and a layer 
of primary sporogenous cells (fig. 30). 
The primary sporogenous cells undergo 
several successive divisions, forming a 
group of microspore mother cells from 
five to twenty in number in any one 
cross section (figs. 31-34). Meanwhile 
the primary parietal cells undergo peri- 
clinal divisions to form four layers. At 
about the time that the microspores are 
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separating, the outer layer forms an 
endothecium. Thickenings develop on 
the inner and side walls of its cells as 
bands which extend perpendicularly to 
the longitudinal axis of the anther (figs. 
37, 38). The thickenings occur in all cells 
of this layer except in a few between the 
two anther halves and in the area of 
actual dehiscence described earlier (fig. 
36). The inner layer matures as a tape- 
tum and then consists of large, isodia- 
metric cells which are densely granular 
and usually binucleate (fig. 35). These 
cells remain intact until after the meiotic 
divisions have occurred, then disinte- 
grate, and are absorbed by the develop- 
ing spores. 

The microspore mother cells undergo 
meiosis, and the microspores show a 
tetrahedral arrangement (fig. 35). The 
tetrads soon separate (figs. 37, 38). 
Within each spore the nucleus divides to 
form a generative and a tube nucleus. 
Separation into cells was not observed, 
but no attempt was made to stain es- 
pecially for this point. This is the condi- 
tion of the pollen at shedding. Each 
grain is rather flat, three angled, smooth 
walled, and has three points of emer- 
gence, one at each angle (fig. 39). 

MEGASPOROGENESIS.—-Small _ protu- 
berances on the placental surface are the 
first indications of ovule development 
(fig. 40). The single integument arises 
very early as a small outgrowth toward 
the base of the nucellus, which at this 
stage constitutes the ovule. By the time 
the single hypodermal cell of the nucellus 
which constitutes the archesporium is 
recognizable by its large size, granular 
appearance, and greater affinity for 
stains, the integument is clearly discern 
ible, and the ovule has begun to bend 
(fig. 41). The archesporial cell enlarges 
rapidly, mostly lengthwise, and becomes 
the megaspore mother cell directly. Con- 
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currently with these changes, elongation 
of the integument around the nucellus 
results in the formation of the micropyle. 
The ovule also increases considerably in 
size and completes the bend to become 
essentially anatropous (figs. 42, 43). The 
elongated spore mother cell, which is 
covered by a single layer of nucellus, 
undergoes meiosis, and a linear tetrad of 
megaspores is formed (figs. 44, 45). 
Three megaspores, usually those nearest 
the micropyle, disintegrate, and the re- 
maining spore, usually the chalazal, in- 
creases rapidly in size (fig. 46). Occasion- 
ally the penultimate spore is the one 
which continues to develop (fig. 47). 
The nucellus begins to disintegrate al- 
most simultaneously with the three non- 
functional megaspores (fig. 46). Even be- 
fore this, however, the inner epidermis of 
the integument which closely surrounds 
most of the megagametophyte forms an 
“epithelial’’-like layer characterized by 
narrowly columnar, compact, granular 
cells (figs. 45, 46). During gametophyte 
development the adjacent hypodermal 
layer often assumes some of these char- 
acteristics (fig. 51). 

The functional megaspore becomes 
vacuolate as it enlarges, and its nucleus 
soon divides to form two nuclei which 
usually come to lie at either end of a rath- 
er large, central vacuole (fig. 48). Follow- 
ing another division the pairs of nuclei of 
the four-nucleate gametophyte are sepa- 
rated by the large central vacuole; small- 
er vacuoles occur in the cytoplasm sur- 
rounding the nuclei (fig. 49). Eight nuclei 
result from the next division. These 
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three divisions occur in relatively close 
succession. Wall formation leads to the 
cutting off of seven distinct cells (figs. 50, 
51). Thus, development is of the Nor- 
mal-(Polygonum-)type (20). The mature 
megagametophyte occupies a little over 
half the entire length of the ovule and 
is of about the same width throughout 
its entire length (fig. 52). Fusion of the 
polar nuclei usually occurs before ferti- 
lization. The egg cell appears as an oval- 
shaped cap over the two rather slender 
synergids which are in close contact 
with each other and with the egg (fig. 
51). The whole egg apparatus extends 
into the micropyle, and the adjoining 
epidermal cells of the integument appear 
to be displaced or somewhat crushed. 
The “epithelial” layer surrounds only 
the chalazal two-thirds of the gameto- 
phyte. The three antipodals are arranged 
in a linear row, the largest usually the 
farthest from the micropyle (fig. 51). 

Areas of darkly staining, granular cells 
occur close to the megagametophyte in 
both the chalazal and the micropylar 
regions of the ovule (fig. 52). The chala- 
zal area is the larger, and its limits are 
more easily discernible. 

Difficulty in sectioning material of 
later stages of development prevented 
observations on fertilization, embryog- 
eny, endosperm, and fruit development. 


CLETHRA ACUMINATA MICHX. 


Because of the limited amount of ma- 
terial of this species, only the organog- 
raphy and vascular anatomy of the 
flower and the anatomy of the floral 





Fics. 30-39,—Anther structure and microsporogenesis in Clethra alnifolia, X400 unless otherwise stated: 
fig. 30, cross section of portion of anther showing archesporial, primary parietal, and sporogenous cells; 
figs. 31-33, stages in development of sporogenous tissue and wall layers; fig. 34, microspore mother cells at 
beginning of meiosis; fig. 35, tetrads of microspores just prior to disintegration of tapetum; fig. 36, diagram 
of cross section of nearly mature anther showing areas of endothecium development, X90; fig. 37, beginning 
of thickenings in endothecial layer; fig. 38, fully developed endothecium; fig. 39, pollen grain at time of 
shedding, 900. 














Fics. 40-52.—Ovule development in Clethra alnifolia, X331 unless otherwise stated: Fig. 40, origin of 
ovules from placenta in cross section, 230; figs. 41, 42, formation and development of unicellular arche- 
sporium and of integument; fig. 43, megaspore mother cell; fig. 44, dyad; fig. 45, tetrad of megaspores and 
beginning of ‘‘epithelium’’ development; fig. 46, beginning of disintegration of three micropylar megaspores 
and of nucellus; fig. 47, penultimate chalazal megaspore functional]; fig. 48, two-nucleate megagametophyte; 
fig. 49, four-nucleate megagametophyte; fig. 50, young eight-nucleate megagametophyte; fig. 51, mature 
eight-nucleate megagametophyte, polar nuclei fused; fig. 52, diagram of ovule containing mature mega- 
gametophyte and showing “epithelial’’-like layer, darkly staining regions at micropylar and chalazal poles, 
and provascular strand supplying ovule, X 230. 
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organs were studied. There are many 
similarities between C. acuminata and C. 
alnifolia in these features. Certain recog- 
nizable differences are presented here. 

The inflorescences are drooping, soli- 
tary racemes as compared with the up- 
right racemes or panicles of C. alnifolia. 
In the individual flowers the filament 
base is oval in cross section rather than 
rectangular as in C. alnifolia. The fila- 
ment of the latter species is glabrous, 
while in C. acuminata it is hairy. The 
type of hair on the filaments and on the 
surface of the upper part of the ovary 
differs the stellately arranged, 
thick-walled, sharp-pointed hairs on the 
sepals, although both are extensions of 
epidermal cells. The hairs on the filament 
and ovary are relatively thin walled, uni- 
cellular or uniseriate, and their darkly 
staining contents are granular in appear- 
ance (fig. 61). Only a few hairs of this 
type were found on the ovary and style of 
C. alnifolia. In C. acuminata the style is 
glabrous. 


from 


The vascular supply varies from sepal 
to sepal within an individual flower (figs. 
53-55): (a) for some a single trace leaves 
the central cylinder and separates radial- 
ly into three main strands either in the 
base of the sepal or while still within the 
receptacle; or (b) a median trace arises 
independently and laterals diverge as in 
C. alnifolia; or (c) a median trace arises 
independently, one lateral diverges from 
a common bundle as in (4), and the other 
lateral is derived from the median trace 
as in (a). Branching of all traces occurs 
as higher levels are reached. 

The adaxial epidermis of the sepal and 
three to four sublayers are composed of 
thick-walled Toward the lateral 
edges of the sepal the number of layers 
of thick-walled cells is gradually reduced 
to just one, the epidermis. 

One example was found of an increase 


cells. 
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in the number of members per floral 
whorl: a pistil with four carpels. 


CLETHRA ARBOREA SIEB. & ZUCC. 


The available material of this species 
was also limited, so that only the or- 
ganography and vascular anatomy of the 
flower and the anatomy of the floral 
organs were studied. There are many 
similarities between C. arborea and the 
other two species in these features. Cer- 
tain recognizable differences are pre- 
sented here. 

The inflorescences are upright racemes 
or panicles, as in C. alnifolia. The petals 
are much thicker than those of the two 
other species; at the petal base the meso- 
phyll is twelve to fourteen layers thick. 

The stamens are included at anthesis, 
and the filament base is triangular in 
cross section. The epidermal cells of the 
anthers are papillate and covered with a 
fibrillate cutin. 

In contrast with C. alnifolia and C. 
acuminata, the ovules are borne on all 
surfaces of the pendant placentae rather 
than just on the outer surface next to the 
dorsal wall (fig. 56). The stylar canal is 
irregularly three-angled. 

The vascular supply to the sepals is 
similar to that of C. alnifolia, except that 
often the median sepal bundle of the two 
wholly internal sepals and occasionally 
that the half-internal and_half-ex 
ternal sepal divides into two or three 
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bundles before leaving the receptacle. 

In the region of the ventral carpel 
bundles three small bundles in the planes 
of the septa of the ovary remain in the 
central column after the departure of the 
three placental traces from the essential- 
ly continuous vascular ring (figs. 56, 57). 
These three bundles continue through 
the style and its branches, ending at or 
just below the point where each dorsal 
carpel bundle broadens laterally and ter- 





Fics. 53-63.—Figs. 53-55, portion of vascular anatomy of flower of Clethra acuminata, X24. Diagrams of 
serial cross sections of bud in region of origin of vascular supply to sepals. Where vascular tissue is outlined, 
solid areas within outlines indicate xylem. Figs. 56-59, C. arborea, diagrams of serial cross sections of upper 
portion of ovary and style, X11. Fig. 60, C. alnifolia, stellately arranged epidermal hairs on surface of pedi- 
cel, X 240. Fig. 61, C. acuminata, epidermal hair on surface of ovary, X240. Fig. 62, C. alnifolia, epidermal 
hair on surface of ovary, X 240. Fig. 63, C. alnifolia, diagram of longisection of bud, X 163. 
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minates just below the stigmatic surface 
(figs. 58, 59). A cross section at any level 
of the style thus shows six bundles: three 
at the end of each angle of the stylar 
canal, the continuations of the dorsal 
carpel bundles, and the three strands de- 
scribed above which alternate with them. 
In both C. alnifolia and C. acuminata 
only the three continuations of the dorsal 
carpel bundles traverse the style. 


Discussion 


Clethra has rather consistently been 
placed in the Ericales, although oc- 
casionally as an anomalous genus. Most 
modern authors (2, 3, 10, 12, 29) have 
given it family rank, the status to which 
it was raised by KLorzscu (18) in 1851. 
ROBINSON and FERNALD (26), however, 
placed it in a tribe Clethreae of the sub- 
family Pyroloideae in the family Erica- 
ceae. A possible relationship between 
Clethra and the Dilleniales was suggested 
by LECHNER (19) in her investigations 
of the morphology of Saurauia, Acti- 
nidia, Clematoclethra, and Clethra. The 
four genera were shown to have many 
features in common with both the Dil- 
leniales and the Ericales. The characters 
of Clethra, however, were such as to lead 
her to separate it from the other three, 
which have since been placed in the 
Actinidiaceae (Dilleniales). 

Many features of the Clethraceae ally 
it with the Ericales. Details for compari- 
son between the species of Clethra de- 
scribed in the present paper and other 
groups of the Ericales are taken from 
ARTOPOEUS (1), COPELAND (5-7), DRUDE 
(10), FERNALD (12), HaGerup (15), 
MaTTHEWs and Knox (22), PALSER 
(23), and SAMUELSSON (27). Character- 
istics of a general nature exhibited by 
most of the Ericales are: pentamery of 
most floral whorls, pentacycly, actino- 
morphy, hypogyny, and hermaphrodit- 


ism. Those of a less general nature are the 
quincuncial aestivation of the calyx and 
corolla in the bud, the large amounts of 
tannin or tannin-like material, and the 
considerable number of druses. 

Bilobed, unappendaged anthers, found 
also in the Rhododendroideae, are char- 
acteristic of Clethra. In the open flower, 
anthers of all investigated species in the 
order are introrse. Essentially all dehisce 
apically by means of short clefts, and the 
pollen grains are shed in the two-celled 
stage. 

The essentially globular ovary, de- 
pressed at the summit with the style 
rising from the base of the depression, the 
stylar canal, the central placentae, the 
two layers of cells lining the locule which 
become fibrous in the course of fruit de- 
velopment, and the capsular nature of 
the fruit—all are characters of the 
gynoecium which the Clethraceae have 
in common with most other groups of 
the Ericales. The loculicidal dehiscence 
of the fruit is shared with some of the 
others—for example, the Andromedeae. 

The many, small, tenuinucellate, uni- 
tegmic, anatropous ovules in which the 
nucellus disintegrates and the mega- 
gametophyte becomes surrounded by an 
“‘epithelial’’-like layer differentiated from 
the inner epidermis of the integument are 
characteristics of all species which have 
been studied. Megagametophyte de- 
velopment according to the Normal- 
(Polygonum-)type (20) is an ordinal 
characteristic (28). Although the endo- 
sperm development and embryogeny of 
Clethra are not described in this paper, 
descriptions by others (1, 21, 25, 27) 
show that Clethra also corresponds in 
these respects to other members of the 
order. The endosperm is cellular through- 
out its development and forms both a 
chalazal and a micropylar haustorium. 
The embryo is rather small, straight, and 
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has two short cotyledons. It is imbedded 
in endosperm tissue and is surrounded by 
a seed coat which has been reduced to a 
single cell layer in thickness. The ovules 
of Clethra show areas of densely staining 
cells at both chalazal and micropylar 
ends of the gametophyte. Similar regions 
were reported by ARTOPOEuS (1) to oc- 
cur in Arbutus, Vaccinium, and Mac- 
leania and were considered by him to 
serve as nutritive areas for the endo- 
sperm haustoria during seed develop- 
ment. 

Those characteristics peculiar to Cle- 
thra are a fully developed endothecium in 
the anther and a three-branched style. 
Bejaria, Rhodothamnus, Kalmia, and 
Phyllodoce in the Rhododendroideae have 
a “more or less definite and extensive 
hypodermal layer of thick-walled cells in 
the anther” (6), but these cells are quite 
different in their characteristics from 
those forming the endothecium in Cle- 
thra. All investigated members of the 
order (except for Clethra) have un- 
branched styles, though the form of the 
stigmas may vary considerably. In Den- 
drium (Leiophyllum) the style ends 
abruptly in a flat stigmatic surface, while 
in Azalea (Rhodora) canadensis, Kalmia 
latifolia, and many others radiating lobes 
of the stigma equal the carpel number. 
Similarly, the Diapensiaceae have a 
three-lobed stigma, the lobes correspond- 
ing to the three-carpellate gynoecium. 

There are certain other features which 
occur in the Clethraceae and in only a 
few other species and so are used in con- 
nection with those listed above to sepa- 
rate the family from other groups in the 
order. These include choripetaly, absence 
of a disk, “‘stellate’’ pubescence, extrorse 
position of the anthers during develop- 
ment, single pollen grains, and a tri- 
carpellate gynoecium. 

The majority of the Ericales are sym- 
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petalous, although there are choripetal- 
ous representatives other than Clethra. 
Examples are the Pyroleae, some of the 
Monotropoideae and Ericoideae, a few 
species of Vaccinium, and six genera in 
the Rhododendroideae. 

Many of the Rhododendroideae and 
some of the Andromedeae have promi- 
nent disks, while others, such as Pyrola, 
have no disk. Certain members of es- 
sentially all groups are pubescent, the 
degree of pubescence and types of hairs 
varying considerably. None, however, is 
reported to have the Clethra type of 
pubescence, which consists of stellately 
arranged, unicellular and uniseriate hairs. 

In most members of the order inver- 
sion of the anther occurs during the early 
development of the stamen, so that they 
become introrse long before anthesis 
(22). In Cassiope, however, such inver- 
sion occurs at a relatively later time than 
in most forms (23); while in Clethra, the 
Pyroleae (1, 7), and Arbuteae (1) inver- 
sion occurs at anthesis, so that the anther 
is extrorse during the entire development 
of the stamen and is introrse only in the 
open flower. 

Pollen of the majority of the Ericales 
is shed in the form of tetrads, although in 
Chimaphila the tetrads are easily dis- 
rupted into single grains (7). Single pol- 
len grains have been reported only in 
Ramischia (Pyrola) secunda, Erica stricta, 
the Monotropoideae, the Diapensiaceae, 
some of the Epacridaceae, and the 
Clethraceae (27). 

The number of members within any 
whorl of an ericaceous flower is most 
commonly five, though variations (both 
up and down) occur. In Clethra the calyx, 
corolla, and androecium are pentamer- 
ous; the gynoecium, however, is trimer- 
ous. A few other members of the Ericales 
show a similar reduction in carpel num- 
ber relative to the number of members 
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in the other floral whorls: the Dia- 
pensiaceae, and two members of the 
Phyllodoceae: Loiseleuria and Dendrium. 
The ovary in the Empetraceae is also tri- 
carpellate, but here the number of mem- 
bers in other whorls is also reduced. 

In the order as a whole the family 
Clethraceae has repeatedly been con- 
sidered a primitive one (1, 6, 7, 10). This 
decision has been based primarily on 
such characters as pentacycly, actino- 
morphy, choripetaly, hypogyny, her- 
maphroditism, a true well-developed en- 
dothecium in the anther, the absence of a 
disk, and the fact that each carpel is 
represented by a separate branch of the 
style and stigma. 

A branching style and the presence of 
a well-developed endothecium are usual- 
ly considered to be primitive characters. 
A simple nectary in a group in which 
many forms have a well-developed one 
may also be considered to be primitive. 
This has been suggested by BRowN (4), 
who, in his study of the nectary, found 
that the lower part of the ovary in Cle- 
thra lancifolia, and in at least one repre- 
sentative of the Theales, is glandular and 
secretes nectar abundantly. He thought 
that the nectariferous condition shown 
by Clethra was intermediate between 
that of many of the Theales and that of 
a large number of the Ericales. 

Choripetaly, usually considered to be 
primitive, has also been considered ad- 
vanced, that is, derived by reduction. 
Thus CopELAND (7) has suggested that 
choripetaly in the Pyroleae and Mono- 
tropoideae can be interpreted as reduced, 
and so not primitive. It is possible that it 
might also be a derived condition in 
Clethra. In addition, COPELAND (6) sug- 
gested that the loculicidal dehiscence of 
the fruit of the Clethraceae is a derived 
character shared by the Andromedeae, 
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Pyroleae, and some of the Monotro- 
poideae. 

With respect to the vascular anatomy 
of the flower, it is generally agreed that 
three traces with three associated gaps is 
the primitive condition of the vascular 
supply to a sepal (7, 11, 23). In the Eri- 
cales this type of sepal supply occurs in 
the Bejarieae, Leucothoe racemosa, L. 
recurva, and occasionally in Chima phila, 
Pieris, Neopieris, and rarely in Oxyden- 
drum (6, 7,23), but it is not found in any 
of the three species of Clethra examined. 
PALSER (23) has suggested that 
two types of reduction have possibly occurred 
phylogenetically in the basic three-trace, three- 
gap sepal. In one the origins of the three traces 
to one sepal have come closer and closer together, 
until the three depart as a common bundle, 
leaving a single gap in the cylinder. This bundle 
separates to its three component strands while 
still in the receptacle. In the other type of reduc- 
tion the laterals of adjacent sepals have come 
closer together in their point of origin, until 
they arise as a single bundle in the plane of the 
petal. Each pair of laterals thus leaves a single 
gap, and each median sepal trace a single gap, 
so that a total of ten gaps results in the vascular 
tissue of the receptacle. If, then, the internode 
between the lateral sepals and the petal traces 
vere to become so compacted that these traces 
arose together,...the lateral sepal traces 
would appear to be derived from the petal 
traces [p. 476]. 


The pattern of the sepal supply in C. 
alnifolia approaches the latter condition, 
that is, the common lateral sepal bundle 
arises from the petal-petalad stamen 
bundle. In the sepals of C. acuminata, on 
the other hand, the vascular supply is 
such that this species occupies an inter- 
mediate position with respect to the two 
suggested lines of reduction, that is, the 
sepals show the vascular pattern char- 
acteristic of both lines and also a com- 
bination of the two types. C. arborea is 
more similar to C. alnifolia than to C. 
acuminata in this respect. 
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The petal trace in all species reported 
is a single bundle, as in Clethra. In some 
of the Rhododendroideae, Andromedeae, 
and Monotropoideae (5, 6, 23) the single 
trace divides to form three while still in 
the receptacle. In Clethra branching oc- 
curs only in the base of the petal or at an 
even higher level. 

In all three species of Clethra examined 
the single stamen bundle bends down- 
ward in the connective before it termi- 
nates, as it does in all species described 
to date. A small strand, however, ex- 
tends upward into the connective above 
the bend. The only other species in the 
order which has been reported to exhibit 
a similar condition is Daboecia (Rhodo- 
dendroideae [6]). 

Few reports have been found concern- 
ing the orientation in origin of the dorsal 
carpel strands in other genera having a 
two- or three-carpellate gynoecium. In 
Dendrium and Loiseleuria (both two- or 
three-carpellate) these strands arise from 
the remainder of the vascular tissue in the 
center of the flower above the departure 
of the stamen bundles (6), while in the 
three species of Clethra studied each 
strand arises from one side of a median 
sepal gap, that is, from the edge of the 
large mass of vascular tissue which sup- 
plies the petal and stamen traces. 

Septal carpel bundles occur in all 
genera for which the vascular anatomy 
of the flower has been reported. In other 
genera besides Clethra, such as Epigaea 
and Leucothoe, they divide in their up- 
ward course, the small branches supply- 
ing the ovary wall between the septa and 
dorsal carpel bundles (23). In Clethra, 
however, none of these branches sup- 
plies the nectariferous tissue as they do 
in Epigaea. 

The ventral carpel bundles provide 
the placental and ovule supply in all 
members of the order, but, in addition, 


in C. arborea—as in Pyrola, Moneses, 
and Sarcodes (5, 7)—-a portion of each 
bundle continues into the style. Here 
these strands supplement the more usual 
stylar supply which is composed of the 
continuations of the dorsal carpel bun- 
dles. 

The degree of nondivergence among 
the various strands to the floral organs is 
quite varied in the Ericales. In some of 
the Andromedeae (23) the petal and 
petalad stamen traces and the median 
sepal and sepalad stamen traces have a 
common origin, while in others all four 
of these traces arise independently. In 
similar fashion the dorsal and _ septal 
carpel traces may have an independent 
origin or arise in common with the cor- 
responding stamen traces. The greatest 
degree of nondivergence among strands 
is seen in the epigynous Vaccinioideae. 
A completely independent origin of all 
traces seems indicative of primitiveness. 
In Clethra the degree of nondivergence is 
considerable. There is no occurrence in 
any of the three species studied of traces 
having a double origin; that is, an upper 
trace arising in two parts from either side 
of the gap formed by the departure of a 
lower trace—a feature accompanying the 
close origin of one trace above another, 
seen, for example, in some of the Andro- 
medeae (23). 

The entire picture presented by the 
vascular anatomy of the flower in the 
three species studied is one which indi- 
cates a considerable departure from the 
primitive condition. 

A deviation from the most primitive is 
aiso suggested by HacErur’s study of 
the chromosome numbers of various 
members of the Ericales (14) in which 
he presented a possible sequence of num- 
bers that is very suggestive of the rela- 
tionships among the forms which he 
studied. In this sequence n=6 is sug- 
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gested as the basic chromosome number 
from which a long series—2= 12, 18, 24, 
30, 36, and 48—has been derived by 
polyploidy. C. arborea (n=8) and C. 
alnifolia (n=16) form a short side series 
presumably derived from the basic num- 
ber by the addition of two chromosomes. 
It is interesting that three species with 
low chromosome numbers-—Diapensia 
lapponica (n=6), Dendrium buxifolium 
(n=12), and Loiseleuria procumbens 
(n= 12)—-have tricarpellate ovaries, as 
does Clethra, and that one, Dendrium, is 
also choripetalous. 

Clethra, as exemplified by the three 
species studied, exhibits both primitive 
and advanced features which are of such 
a nature that it is difficult to determine 
which are the more phylogenetically im- 
portant. Certainly the relatively ad- 
vanced character of the vascular anato- 
my of the flower alone indicates that the 
family cannot be considered a primitive 
ancestral group so far as the other mem- 
bers within the order are concerned. It 
would seem, then, that Clethra, the 
Rhododendroideae, and probably other 
groups as well (see Cox, 8, 9) have 
descended from a common ancestor 
which has disappeared together with 
any transitional forms, leaving a series 
of isolated survivors. 

A study of the wood anatomy in the 
Clethraceae, such as made by Cox in the 
Rhododendroideae (8) and Arbutoideae 
(9) of the Ericaceae, might well help to 
clarify the relative degree of primitive- 
ness or advancedness in Clethra. 

DRUDE’s separation (10) of the three 
species studied into two sections (I, C. 
alnifolia, C. acuminata; II, C. arborea) 
appears, on the basis of the usual taxo- 
nomic criteria, to be justifiable. Varia- 
tions in the vascular anatomy and 
pubescence of the three species do not fol- 
low this separation entirely. It is only in 


C. arborea that branches of the three ven- 
tral carpel bundles traverse the style. The 
sepal supply, however, is different in all 
three, although those of C. alnifolia and 
C. arborea are fairly similar. The nature 
of the pubescence of C. acuminata, both 
in type of cell and in place of occurrence, 
separates it from the other two species. 
Neither of these differences, however, 
appears to be important enough to out- 
weigh the criteria used by DrupbE. Be- 
fore a really critical appraisal of this 
classification can be made, representa- 
tive species of Drupbe’s third section, 
which is the largest, and C. barbinervis 
(the third member of the first section) 
must be examined for comparison with 
the species described in this paper. 


Summary 


1. Descriptions of the organography, 
floral development, vascular anatomy of 
the flower, anatomy of the floral organs, 
microsporogenesis, and megasporogene- 
sis in Clethra alnifolia and notes on the 
organography, vascular anatomy, and 
anatomy of floral organs in C. acuminata 
and C. arborea are presented. 

2. The Clethraceae, in common with 
most of the Ericales, are pentacyclic (the 
outer whorl of stamens opposite the 
petals), pentamerous in most floral 
whorls, actinomorphic, hypogynous, and 
hermaphroditic. Characteristics peculiar 
to the family are a fully developed endo- 
thecium in the anther and a three- 
branched style. Other features found in 
the Clethraceae and in only a few other 
species in the Ericales are choripetaly, 
absence of a disk, “‘stellate’’ pubescence, 
extrorse position of the anthers during 
development, single pollen grains, and a 
tricarpellate ovary. 

3. In the receptacle the vascular 
cylinder is considerably compacted in the 
region where the traces originate. The first 
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whorl, consisting of five bundles, forms 
the median sepal supply. The lateral 
traces of adjacent sepals arise as common 
bundles from the large strands of vascu- 
left between the median 
sepal gaps. Immediately above these 
common bundles the traces to the petals 
and petalad stamens arise together. 
Traces to the sepalad stamens arise from 
one side of the median sepal gap as do 
also the dorsal carpel bundles. The latter 
form the stylar vascular supply; the 
septal traces, independent in origin, fade 
out without reaching the style, and the 
ventral carpel bundles supply the pla- 
centae and ovules. 

4. Inversion of the extrorsely de- 
veloped anther occurs at anthesis. The 
pattern of microsporogenesis is as in most 
angiosperms. Pollen grains are single and 
probably two celled at the time of 
shedding. 

5. In the ovule a single archesporial 
cell gives rise to the megaspore mother 
cell which, following meiosis, divides to 
form a linear tetrad. Usually the chalazal 
spore functions. The seven-celled, eight- 
nucleate, megagametophyte develops ac- 
cording to the Normal-(Polygonum-) 
type. Disintegration of the nucellus 
and development of an “epithelial’’-like 
layer of the single integument begins 
prior to gametophyte development. I'u- 
sion of the polar nuclei occurs before 
fertilization. 

6. C. acuminata and, to a lesser ex- 
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tent, C. arborea differ from C. alnifolia in 
the vascular supply of the sepals. Some 
variation in the type of pubescence oc- 
curs in C. acuminata as compared with 
the two other species. In C. arborea 
branches of the ventral carpel bundles as 
well as of the dorsal carpel bundles 
traverse the style. 

7. A comparison of the characteristics 
of the Clethraceae, as exemplified by the 
three species studied, with those of other‘ 
groups in the Ericales shows that the 
family is not so primitive with respect to 
the vascular anatomy of the flower as it 
is with respect to certain of its other 
morphological features. 

8. DRUDE’s separation of the three 
species studied into two sections ap- 
pears to be justifiable on the basis 
of organography. Observed anatomical 
variations in the three species, however, 
neither support nor refute his classifica- 
tion. 


The writer wishes to express his ap- 
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REPRODUCTIVE ACTIVITY IN BROMUS INERMIS IN RELATION 
TO PHASES OF TILLER DEVELOPMENT! 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 633 


HERBERT F. LAMP 


Introduction 


Many investigations have shown the 
interrelationships between developmen- 
tal physiology and morphology and eco- 
logical conditions in determining the 
change-over from vegetative to repro- 
ductive activity in higher plants (6, 16, 
20-24). Kiess (reviewed by WHYTE 
[29]) distinguished three stages in flower 
production: (a) development of the con- 

! This work was aided in part by a grant from the 
Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago. 


dition ‘‘ripeness-to-flower,” ()) forma- 
tion of floral primordia, and (c) develop- 
ment and expansion of floral structures. 
It is generally recognized that the succes- 
sion of changes in flowering may be lim- 
ited or inhibited at several stages and 
that a certain minimum vegetative 
growth must occur before ‘‘ripeness-to- 
flower” is reached and differentiation of 
floral primordia can take place. l’or many 
plants the extent of such minimum vege- 
tative growth varies with environment; 
in others, floral initials are produced con- 
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sistently after a certain amount of vege- 
tative growth in spite of considerable en- 
vironmental differences; and, in still 
others, the actual expression of flowering 
may be influenced by differential treat- 
ments either before or after attainment 
of the ‘‘ripeness-to-flower”’ state. 

Perennial grasses favor investigations 
of these developmental changes, since 
many genetically identical growing points 
are available for study. These are pre- 
sumably potentially able to flower but 
may be subjected individually to a range 
of internal and external environmental 
conditions. In grasses the transformation 
of a stem growing point from the vege- 
tative to the reproductive state occurs 
abruptly. SHARMAN (23) considered this 
rapid change-over to indicate that some 
sort of minimum internal requirement 
must first be satisfied. He suggested using 
‘number of leaves on the main stem as 
an index of maturity of the individual 
[culm] at any stage’’ of development, this 
number thus indicating the developmen- 
tal state of the growing point before any 
outward signs of reproductivity are evi- 
dent. 

The use of this criterion in grasses is 
based on several studies, some of which 
suggest that it is dependent on, others 
that it is independent of, ecological rela- 
tions. Purvis (20) reported that, at a 
given temperature, variation in the 
amount of nitrogen supplied to winter 
rye had little effect on the minimal num- 
ber of leaves produced before floral dif- 
ferentiation occurred. PuRVIs and GREG- 
ory (21) later, however, showed that this 
minimal leaf number was a variable, sub- 
ject within limits to effects of vernaliza- 
tion or photoperiod. SHARMAN (23), using 
a pure strain of wheat, concluded that re- 
duction in ability to photosynthesize 
carbohydrate by removal of leaf blades 
as they expanded did not appreciably in- 


fluence the minimal leaf number, and 
NuTMAN (16) found that these numbers 
on seedlings developed from normal 
grains of rye weighing about 36 mg. each 
and from dwarf grains weighing only 2.3 
mg. each were approximately the same. 

SHARMAN (24), working with a peren- 
nial, couch grass (Agropyron repens |L.| 
Beauv.), found a minimal number of 
leaves formed on a tiller before it differ- 
entiated floral primordia; he postulated 
that this number had to be attained 
while the photoperiod was still favorable 
for floral initiation in that species or else 
no initiation would occur. Rick (22), in- 
vestigating five species of native peren- 
nial range grasses in Oklahoma, reported 
that all but one, side-oats grama (Boute- 
loua curtipendula [Michx.] Torr.), gave 
“considerable evidence that any culm 
which does not have the number of ex- 
panded leaves specified for the species by 
a certain date does not initiate an in- 
florescence”’ but remains vegetative and 
that the number of leaves with expanded 
blades on a stem was ‘‘a fairly accurate 
index of the time of floral initiation in all 
species up to the end of the major period 
of inflorescence initiation for each spe- 
cies.”’ In general, these findings indicate 
that in some grasses a correlation does 
exist between the number of expanded 
leaves present on a shoot and its stage of 
floral development. 

In studies on smooth brome grass 
(Bromus inermis Leyss.) considerable 
variation in vegetative growth and re- 
productive activity of different clones 
has been reported (4, 5, 7, 11, 12, 15, 26, 
27, 30). WALDRON (27), studying several 
thousand seedlings in North Dakota, 
noted that within a given clone the per- 
centages of fertile tillers (those exserting 
flowering heads) and sterile tillers (those 
remaining externally vegetative) were 
relatively constant over a period of 3 
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years but that these percentages showed 
a wide range among different clones. He 
designated those clones with high per- 
centages of fertile tillers as ‘‘ferticlinous”’ 
and those with high percentages of 
sterile tillers as ‘‘stericlinous” but also 
recognized the existence of a complete 
series of gradations among different 
clones. ALLARD and EvANs (1) reported 
that tillers of smooth brome grass failed 
to show internodal elongation and subse- 
quent flowering when subjected only to 
short photoperiods. GALL (9) confirmed 
this and in addition also found marked 
irregularity in reproductive activity un- 
der certain photoperiods when using 
clonal sections of different sizes. He stat- 
ed that these irregularities may have 
been the result of the failure of some of 
the growing points to reach the “‘ripe-to- 
flower”’ condition—by reason of age, po- 
sition on plant, or other factors—prior to 
removal to the greenhouse and placing 
under photoperiodic treatment. He fur- 
ther stated that in this species the “‘at- 
tainment of the physiological condition 
resulting in the formation of floral ini- 
tials as the first morphological sign of the 
reproductive state is with little doubt 
caused by a complex of factors.” The 
factors which comprise this complex are 
not definitely known, but it would seem 
that a long photoperiod is not essential 
for the appearance of floral initials, since 
at Chicago under garden conditions they 
are first formed by early April during the 
year of flowering. GALL concluded, how- 
ever, that long photoperiod is definitely 
related to normal development and elon- 
gation of culms and panicle initials and 
to the ripening of the fruit. SPRAGUE 
(25) reported that ‘‘1 hour of supplemen- 
tary light during the middle of the nor- 
mal winter night was almost as effective 
as the 6 hours at the end of the normal 
winter day [providing a 16-hour day] in 


initiating head formation on seedlings” 
of brome grass growing under greenhouse 
conditions. 

GARDNER and Loomis (10), investigat- 
ing thermal i: duction in brome grass, re- 
ported that no flowering occurred with- 
out exposure to low temperatures. They 
stated that “freezing is not required, and 
fewer than 14, perhaps no more than one, 
cold night is sufficient for induction.” 
They also reported that, in addition to 
cool temperatures, short days are also re- 
quired for induction. METCALFE (13), 
studying the interaction of several envi- 
ronmental factors on the induction and 
development of floral primordia of this 
species, reported no induction with 
plants grown under 18-hour photoperiods 
in spite of the temperature treatment ap- 
plied. In contrast, GALL (9) stated that 
prechilling is not always a requirement 
for flowering in smooth brome grass, 
since he observed several clones in an- 
thesis which had been maintained in a 
warm greenhouse continuously for over a 
year. Nevertheless, he found that plants 
with a period of winter chilling prior to 
removal to the greenhouse for study 
showed the most vigorous growth, flow- 
ering, and production of seed. SPRAGUE 
(25) found that brome seedlings started 
in the greenhouse in August were able to 
flower, given certain photoperiodic treat- 
ments, even though apparently never ex- 
posed to low winter temperatures. He 
stated that ‘‘these results, with plants 
started from seeds, are similar to those 
obtained previously with clones.” 

In no reported work with smooth 
brome grass has the possible relationship 
between reproductive activity and phases 
of growth and development in individual 
tillers been investigated. This study was 
therefore made to ascertain such possible 
correlations, especially relative to differ- 
ences in the ecological cycle for tillers 
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initiated and growing at different sea- 
sons. Clones of widely diverse origin and 
type were studied in the Department of 
Botany experimental plots at the Univer- 
sity of Chicago from October, 1949, 
through July, 1950, and from July, 1951, 
through March, 1952. 


Material, methods, and 
environment 


CYCLE OF GROWTH AND DEVELOP- 
MENT (TABLE 1) 


Smooth brome grass has long been 
recognized as a cool-season grass—able 
to continue active growth late in the fall 
and to renew it relatively early in the 
spring. Minimum-maximum air tempera- 
tures recorded for different phases of the 
growth cycle are shown in table 1. The 
thermometer was installed among the 
plants under a protective shield which 
prevented direct exposure to the sun; the 
base of the mercury column was approx- 
imately 8.5 cm. above the soil surface. 

At Chicago after mid-June, when most 
plants are in anthesis, tiller emergence 
becomes pronounced, whether or not 
flowering stems are harvested. New 
shoots continue to arise from both rhi- 
zome and basal axillary buds on into the 
fall of the year. Tillers which attain a 
certain size by midsummer show inter- 
nodal elongation, These elongated? shoots 
continue to produce new leaves until 
they die back to the ground in late 
autumn and winter; and their basal axil- 
lary buds grow during late summer and 
early autumn. Tillers emerging in late 
summer and autumn do not show inter- 
nodal elongation then but continue to 
initiate and exsert leaves until the cold 
fall weather and then stop growing. The 
number of exserted leaves on an unelon- 

2 An elongated tiller is defined as one in which the 


length of one (or more) internode is 2 mm. or more 
long. 


gated shoot at this time is thus partly de- 
termined by its age since emergence. Up- 
per leaves may still show considerable 
greenness through the end of November 
into early December, and even in early 
February some protected leaves expand- 
ed in the previous year may remain 
green. Expansion of additional leaves in 
late autumn is related to warm tempera- 
tures favorable for continued growth. 
Unelongated shoots remain relatively 
dormant from early December until mid- 
March, with their terminal growing 
points at or below the ground surface. 
Emergence of a few new tillers and ap- 
pearance of new leaves on previously 
emerged, unelongated tillers may be evi- 
dent by mid-March, when nightly tem- 
peratures are still below freezing; this 
new but less active period of tiller emer- 
gence extends to early May. Many newly 
emerging tillers represent shoots arrested 
in growth by cold winter temperatures 
while still below ground. 

Floral initiation can be detected by 
dissection in early April, and it continues 
most of the month. These growing points 
are approximately at ground level. In- 
florescence primordia appear first on 
shoots which emerged during the previ- 
ous autumn and later on shoots emerging 
in the spring. Apparently cessation of 
floral initiation is correlated or coinci- 
dental with beginning of internodal elon- 
gation. In both fertile and sterile tillers 
the latter begins in late April, probably 
in response to increasing daylength (9, 
18, 25). Inflorescences are first exserted 
after the third week ir May, and exser- 
tion extends approximately over a 2- 
week period. Anthesis begins after the 
first week in June and also lasts approxi- 
mately 2 weeks. Seed ripens in late July, 
and the panicles turn brown. 

Time intervals for the various stages 
should be recognized as approximate, 
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since all clones studied did not exhibit 
them at precisely the same time. Chrono- 
logical limits for these stages may be ex- 
pected to vary lor different strains, years, 
and geographical locations. For the 
clones studied, however, the variation 
observed at Chicago was not striking. 


SPECIFIC OBSERVATIONS 


The ten clones studied critically repre- 
sented a wide range of reproductive po- 


tentiality as indicated by data previously 
obtained by OLMsTED (18) and by GALL 
(9), ranging from the ‘‘ferticlinous’’ to 
the ‘‘stericlinous’” of WALDRON (27). 
l‘ive clones were highly fertile, two mod- 
erately fertile, and three relatively sterile 
(table 4). These clones had been retrans- 
planted 5 feet apart in the garden in 
May, 1949, and were well established at 
the time of initial observation in October, 
1949. They varied considerably, as is 


TABLE 1 
MINIMUM-MAXIMUM AIR TEMPERATURES (° F.) IN WEEK PRECEDING 
DATES GIVEN AND SEASONAL CYCLE OF BROME GRASS 


TEMPERATURES 


DATE 
Min Ma 
Nov. 11, 1949 32 74 
18.. 27 74 
25 16 38 
Dec. 2. 14 56 
9 12 47 
15 6 ol 
vs ; 
Jan. 4, 1950.. 4 60 
0 g 32 
13 14 52 
20 2 50 
27 9 67 
Feb. 2 8 45 
9 12 44 
15 260 42 
25 y 39 
Mar. 4 2 42 
7 32 58 
16 10 57 
24 20 52 
31 y ¥ 63 
Aor. 4 26 58 
14 20 72 
21 260 70 
48 28 82 
May 5 34 84 
12 39 SO 
19 43 89 
26 46 100 
June 1 46 Q2 
> 44 100 
15 52 Q? 
3 47 95 
30 54 96 
July 7 49 Oo 
14 54 98 
Aug. 25 45 101 


AcTIVITY* 


Cessation of growth in fall 


Period of dormancy 


Renewal of growth in spring 


First period of tiller emergence 
Floral initiation 


nternodal elongation 
Int lal el { 


Peak of exsertion 


Peak of anthesis 
Second period of tiller emergence 


; Harvest (July 11-15) 


t 
1 
1 
' 
1 


* Time intervals indicated for various periods of activity are only approximate 





418 BOTANICAL GAZETTE 


general for the species, in relative vigor, 
growth habit, and rate of spread. 

In order to follow accurately the life- 
histories of tillers initiated and growing 
at different seasons, tillers were tagged at 
two different times so as to provide maxi- 
mum variation in size and condition. In 
the period October 13-31, 1949, a hun- 
dred tillers were tagged in each clone 
(table 5). A numbered label was fastened 
to a tiller above its uppermost dead leaf 
blade and below the lowermost green 
blade; this position simplified subsequent 
leaf counts. A leaf blade was classified as 
dead when it was over 50% yellowed, 
darkened, or decayed. 

Data recorded in October for each 
tagged tiller included: (a) position within 
the clump (center or periphery, and com- 
pass direction from center); (b) favor- 
ableness of position for growth at the 
first observation; (c) elongation, includ- 
ing any signs of basal internodal elonga- 
tion; and (d) numbers of dead and living 
leaves. In the central and peripheral por- 
tions of the clones there were 248 and 752 
tagged shoots, respectively (table 2). 
Numbers in eight equal radial segments 
of the peripheral portions of the clones, 
both individually and collectively, were 
approximately equal. The collective 
numbers of tagged shoots for each fell 
mostly between 90 and 100. Tiller posi- 
tion was estimated as favorable, moder- 
ately favorable, or unfavorable, based on 
light relations, degree of crowding, and 
position within the clump. The total 
number of shoots in each class was 459, 
274, and 267, respectively. This grouping 
of tagged shoots was recorded for its 
bearing on their state at harvest—wheth- 
er fertile, sterile, or dead (table 2). 

During a second observation period, 
November 3—December 6, 1949, data on 
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internodal elongation and leaf numbers 
were recorded for each tiller previously 
tagged (table 5). 

Records were made in spring, 1950, 
of the first observed dates of initiation of 
inflorescence primordia, of internodal 
elongation, of exsertion of inflorescences, 
and of anthesis. Sufficient data on the du- 
ration of each activity were recorded to 
give an estimate of peak periods (table 1). 

Onset of visible reproductive activity 
and of internodal elongation was deter- 
mined by dissection of shoots from un- 
tagged clones at approximately weekly 
intervals starting shortly after growth re- 
newal in the spring. Data recorded (table 
6) per tiller included its year of emer- 
gence above ground, developmental state 
of growing point, any internodal elonga- 
tion, and leaf counts. 

In the spring and early summer newly 
emerged tillers were tagged for the ten 
critically studied clones on five different 
occasions; when tagged they were 3 
inches or less in height and had only 
green leaves. No leaf-count data were 
taken except for group 4. The last group 
tagged consisted of shoots emerging from 
the ground during early summer. 

Harvest for the ten clones was com- 
pleted July 11-15, 1950. Each tagged 
tiller was dug out with minimal damage 
to the lowermost leaves and stem. Data 
recorded for each shoot included height, 
reproductive state, number of elongated 
internodes, and leaf counts (tables 2, 3). 
The height measured was the distance 
from immediately below the unelongated 
basal internodes of the stem to the tip of 
the panicle for fertile culms, and to the 
tip of the longest vertically outstretched 
leaf for sterile shoots. Leaf counts at 
harvest for shoots tagged in 1949 includ- 
ed number of dead leaves which had been 
produced, exserted, and died in 1949; 
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number of leaves dying in 1950; number 
of green leaves formed in 1950, including 
nonexserted ones in the case of sterile 
shoots; and total number of leaves pro- 
duced during both 1949 and 1950. Data 
for new shoots tagged in 1950 included 
counts of leaves which came above 
ground in 1950; some leaves on these 
tillers, first appearing above ground in 
1950, developed from primordia initiated 
during 1949. Decay of the lowermost 
leaves by harvest rendered an accurate 
count impossible of dead leaves on tillers 
emerging in 1949, so the total leaf num- 
ber recorded at the second observation, 
fall, 1949, was taken as the total number 
of leaves exserted during 1949. Counts 
for the 1950 leaves were similarly compli- 
cated by such disintegration. For this 
reason total counts of leaves produced in 
1950 are somewhat lower than might be 
expected in a comparison with the num- 
bers of elongated internodes for individu- 
al tillers. The counts are still useful, how- 
ever, in contrasting the different growth 
patterns of vegetative and reproductive 
shoots. 

Data on numbers of elongated inter- 
nodes (2 mm. or more) at harvest are ac- 
curate and most significant (tables 2, 3). 
To determine the uppermost elongated 
internode for sterile tillers, it was neces- 
sary to remove the upper leaves. For 
fertile culms the uppermost elongated in- 
ternode counted was that one immediate- 
ly below the reduced leaf subtending the 
panicle. 

In order to determine whether tillers 
apparently sterile at harvest had initiat- 
ed floral primordia which had been in- 
hibited from developing, the growing 
points of ten untagged apparently sterile 
shoots for each of the ten clones were dis- 
sected. All these growing points were 
vegetative. 


Results 


TILLERING 


From October, 1949, to July, 1950, 
there was a general increase in basal area 
for the ten clones; in most it was so pro- 
nounced that the clumps, initially 5 feet 
apart, were at the time of harvest bor- 
dering immediately upon one another. 
Many studies (2, 3, 7, 8, 14, 19) have 
noted the so-called sod-bound condition 
for smooth brome grass. By summer, 
1950, there were evidences of this condi- 
tion in clones 5, 12, and 20, in which cen- 
ter shoots were dying out or growing 
much less vigorously than those of other 
clones. This corroborates PIPER’s (19) re- 
port of marked decrease in yield of hay 
within sod-bound clumps. 

There were two periods of active tiller 
emergence during 1950 (table 1). The 
first (table 6) began in mid-March (125- 
hour daylength) prior to floral initiation 
and extended to early May (143-hour 
daylength). The second, and more active, 
period started in mid-June (16-hour day- 
length) after the height of anthesis, and 
at the time of harvest in mid-July (153- 
hour daylength) tillering was still con- 
tinuing. Between these two main periods 
only a few scattered tillers emerged. 

GALL (9) and Watkins (28) both re- 
ported that the total number of tillers 
produced by smooth brome grass was 
greater on short than on long experimen- 
tal constant photoperiods. During the 
present observations there was a general 
decrease in the rate of new tiller emer- 
gence in May and early June, when days 
were lengthening. However, this decrease 
was undoubtedly related to the series of 
complex physiological changes involved 
in floral initiation, internodal elongation, 
exsertion, anthesis, and fruit maturation. 

In mid-June, at anthesis, renewal of 
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tiller emergence became evident. All new- 
ly emerged tillers were tagged June 21- 
27, a total of 423 for the ten clones. 
Earlier in the year less than 300 emerged 
in approximately 7 weeks. The spring 
period of tillering thus contributed con- 
siderably less than the summer and 
autumnal period to the total number of 
tillers produced for the year, especially 
since the second period extended to the 
end of the growing season. Also, many 
tillers emerging during the spring were 
arrested in development by cold weather 
while still below ground in the preceding 
fall and did not develop completely dur- 
ing early 1950 from rhizome or axillary 
buds. 
STATUS OF TAGGED TILLERS 
AT HARVEST 

Individual tillers were grouped accord- 
ing to developmental state at harvest in 
1950 into four categories: fertile, sterile, 
dead, and injured. Of the 1000 tagged in 
October, 1949, there were 641, 137, 209, 
and 13, respectively, within these four 
classes. The number of dead tillers impor- 
tant for purposes of comparison with the 
other categories actually was 184 instead 
of 209, since this class included 25 shoots 
showing some internodal elongation when 
initially tagged. At that time it was ex- 
pected that all such elongated shoots 
would die during the winter; this was 
confirmed. The injured class consisted of 
13 shoots which were damaged before 
and at harvest in various ways so that 
reliable data could not be obtained from 
them. Of the remaining 962, the percent- 
ages of fertile, sterile, and dead, respec- 
tively, were 67, 14, and 19. The ranges in 
percentages for the ten clones were: fer- 
tile, 37-84; sterile, 1-38; and dead, 8-29. 

A check was made to determine wheth- 
er shoots tagged in the autumn for each 
clone were representative of that clone in 
proportion of fertile to sterile tillers at 
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harvest (table 4). Counts were made of 
all living shoots elongated at harvest 
which had emerged during the autumn of 
1949, both sterile and fertile. The com- 
parison was not completely satisfactory, 
however, because of difficulty in distin- 
guishing certain sterile shoots emergent 
in 1949 from those emergent in 1950. 
Nevertheless, percentages derived from 
the count of tagged shoots only are sug- 
gestive of the reproductive potentialities 
of clones. In other experiments OLMSTED 
(18) secured data which are in general 
agreement with these estimates of repro- 
ductivity. 

During spring, 1950, 252 newly 
emerged tillers were tagged, and at har- 
vest 118 were dead, 66 fertile, 62 sterile, 
and 6 injured (table 4), or, respectively, 
47, 26, 25, and 2%. The ranges of these 
percentages, omitting the injured group, 
among the different clones were: fertile, 
4-62; sterile, 4-71; and dead, 21-83. 
These tillers, despite the high mortality, 
were located near clump _ peripheries 
where growth conditions were apparently 
favorable. 

Height data at harvest in 1950 are 
shown in tables 2, 3, and 7. Fertile culms 
tagged in autumn, 1949, had the greatest 
mean height, 111.2 cm.; the other cate- 
gories in order of diminishing size were: 
fertile culms emerging in spring of 1950, 
75.4 cm.; sterile tillers emerging in 
autumn of 1949, 73.8 cm.; and sterile 
tillers emerging in spring of 1950, 66.4 
cm. Height ranges within these groups 
were: fertile 1949, 30-172 cm.; fertile 
1950, 36-142 cm.; sterile 1949, 12-110 
cm.; and sterile 1950, 29-133 cm. Thus, 
at harvest, when fertile shoots were ma- 
turing and sterile shoots were still active- 


ly growing, the fertile shoots emerging in 
either year were generally taller than the 
sterile shoots, although the difference be- 
tween the fertile 1950 and the sterile 1949 
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shoots was not great. Tillers tagged in 
1949 and 1950 which were fertile at har- 
vest had greater mean heights than 1949 
and 1950 tillers sterile at harvest, though 
the latter had larger mean numbers of 


elongated internodes (tables 2, 3). In 
many cases, however, after mid-July the 
sterile tillers eventually became taller 
than the fertile ones because of continued 
vegetative activity. 











TABLE 3 


MEANS OF HARVEST DATA FOR TILLERS TAGGED IN SPRING, 1950 


FERTILE TILLERS 














| 
Stem | Leaf counts } Stem <a 
CLONI Pee eTy | Soe _ = | | 
NO. . a | | : 
No of | No. of | | | No. waa No. of | | 
| tillers i | tillers | 
| elongated| Height ‘ | ae | elongated | Height | 
ea Dead | Green | Total | } | 
inter- (cm.) | } | inter- (cm.) 
nodes } nodes om | 
~ ee 4 8.0 | 109.0 | 3.0/ 4.5] 7.5} 3 | 14.3 | 77.3 
7 | 1 7.0 | 102.0} 5.0} 2.0] 7.0 4 |} 14.5 | 58.2 | 
6 17 6.9 64.8 | 3.4| 2.8) @2!/ 4 42:7 | SS.7 
2. = 7.0 | 100:0) 3.6; 4.0} 7.0} 15 13.3 | 64.7 | 
4 . 3 7.0 | 57.0| 2.0| 4.0} 6.0; 10 14.7 | SES 
ee . 4 9@ |} 28:71 4:2) S| &7i 19.0 | 99.2 
16.. 21 6.6 | 63.8 | S4)°2:71 63 5 11.4 | 46.2 | 
‘.. 3 6.7 83.0} 3.0) 2.7) 5.7] 1 13.0 | 43.0 | 
12 5 7.0 64.0} 3.4| 3.6} 7.0 3 11.0 | 48.0 
20 9 6.9 S81 | 3.7 | 27 | 6S 3 it.¢ | S67 
Total. . 66 7.0 75:41 3:5| 3.1) 66| @ 13.8 | 66.4 


TABLE 4 


NUMERICAL DISTRIBUTION INTO VARIOUS CATEGORIES AT HARVEST IN 1950 OF 


3.3 | 10.9 | 14.2 


STERILE TILLERS 


Leaf counts 


Dead | Green | Total 


| 
| 








2.0 | 12.0 | 14.0 
321 1251 15:2 
2.7} 9.3 | 12.0 
2.9} 10.6 | 13.5 
2.9] 9.7 | 12.6 
3.6 | 15.1 | 18.7 
3.41 8:8) 123 
4.0} 9.0] 13.0 
4.7| 7.7 | 12.3 





TILLERS TAGGED* 


IN BOTH 1949 AND 1950 AND OF ALL ELONGATED TILLERS EMERGED DURING 


BOTH 1949 AND 1950 LIVING AT HARVEST 


TILLERS TAGGED | TILLERS TAGGED 


| TOTAL NO. ELONGATED 
| TILLERS EMERGED 
| 





CLONE alias = ieee In 1949 AND 1950 
NO. a= | 
Fertile) Sterile) Dead | Total |Fertile Sterile) Dead | Total a Fertile | Sterile Total 
a 1/ 141 88| 41 3! 23] 30 | 149 43 | 192 
7.........| 36] 33} 28] 97] 1] 4] 15] 20] 58] 140] 198 
8 8) 98) 19 6 8| 31] 230! 108| 338 
D.. | 60; 25; 13; 98} 1]! 15} 10} 26| 161 | 306} 467 
4 | 35} 35] 22] 92} 11 10 3] 14] 72] 222) 294 
23 | 76 3] 17] 96} 4] 12] 13] 29] 106] 77] 183 
16 | 62| 14} 21] 97] 21| S| 8| 34] 158] 159] 317 
5 | 66; 12} 20}; 98] 3] 1] 19] 23] 198] 159] 357 
12 Son 2S 3| 23} 99) 5| 3] I1] 19) 191 87 | 278 | 
20 78 3| 18}; 99] 9 3 8 | 20) 296| 133 | 429 
Total 641 | 137 | 184 | 962 | 66 | 62 | 118 | 246 | 1619 | “1434 | 3053 


* Includes only tillers unelongated when tagged. 
t Evaluation based mainly on distribution at harvest of tillers tagged in 1949. 


EstimMATEt OF 
REPRODUCTIVITY 


Highly fertile 
Relatively sterile 
Highly fertile 
Relatively sterile 
Relatively sterile 
Highly fertile 
Moderately fertile 
Moderately fertile 
Highly fertile 
Highly fertile 
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INTERNODAL ELONGATION 

Of the 1000 shoots tagged during the 
fall of 1949, 975 showed no internodal 
elongation when tagged. Elongation of 
comparable fertile and sterile shoots on 
three other clones was first generally ob- 
served by dissection on May 9, 1950 (15- 
hour daylength), although as early as 
April 28 slight elongation was detected 
for one shoot from a different clone. Since 
GALL (9), working with some clones used 
in this study, noted no significant varia- 
tion among them in time of occurrence of 
different phases of growth and develop- 
ment, it may be assumed that the tagged 
shoots also began internodal elongation 
in early May. 

Shoots from both spring and early 
summer periods of emergence in 1950 ex- 
hibited internodal elongation at harvest; 
however, shoots emerging shortly after 
mid-July (153-hour daylength) did not 
elongate in the same year, presumably 
because the shortening daylengths be- 
came unfavorable for elongation before 
they developed sufficiently to receive the 
effective stimulus. Several investigators 
(1, 9, 18, 25) have found that short con- 
stant photoperiods are unfavorable for 
internodal elongation in smooth brome 
grass. 

At harvest in 1950 the mean numbers 
of elongated internodes for all fertile and 
sterile shoots initially tagged in 1949 
were 8.5 and 14.7, respectively (table 2). 
l‘or the ten clones the range of mean 
numbers for this fertile class was from 7.2 
(clone 20) to 9.8 (clone 23); for sterile 
shoots, from 12.3 (clone 20) to 17.7 (clone 
23). The range in actual numbers for 
shoots tagged in 1949 was 5-12 elongated 
internodes for fertile culms and 8-20 for 
sterile shoots. The ranges are substantial- 
ly narrower, however, when the extremes 
are excluded. For the fertile shoots, 
96.7% fell within the range of 7-10 elon- 


gated internodes and 66.6% within the 
range of 8-9; for the sterile, 93.4% fell 
within the range of 11-18 and 61.3% 
within the range of 14-16. Often individ- 
uals exhibiting extremes of the ranges 
also tended to be atypical of their respec- 
tive classes in other ways. For instance, a 
sterile shoot from clone 7 which had only 
8 elongated internodes was spindly and 
weak. Similarly, a shoot with only 5 
elongated internodes from clone 12 had 
poorly developed panicles. 

The mean numbers of elongated inter- 
nodes at harvest for shoots emerging and 
tagged in 1950 were 7.0 and 13.8, respec- 
tively, for fertile and sterile shoots (table 
3). For the ten clones the range in means 
for fertile tillers was 6.6 (clone 16) to 9.0 
(clone 23); for sterile shoots, 11.0 (clone 
12) to 19.0 (clone 23). The total range for 
fertile culms was 6~9; for sterile tillers, 
7-22. By excluding extremes, somewhat 
smaller ranges were obtained; however, 
the clustering about the mean was not so 
pronounced for shoots emerging and 
tagged in 1950 as for those emerging and 
tagged in 1949. Thus, for fertile culms 
tagged in 1950, 92.5% fell within the 
range of 6-8 elongated internodes and 
73.1% within the range of 6-7; for sterile 
shoots, 95.1% fell within the range of 
10-21 and 67.7% within the range of 11 


4 


iS. 

In general, tillers emerged and tagged 
in spring, 1950, were less vigorous and 
had smaller elongated internode and leaf 
numbers than those emerging in autumn, 
1949; the former had had less time for 
growth, since they emerged at varying 
times after growth conditions had again 
become favorable in the spring. Thus, 
sterile shoots emerging during spring, 
1950, although still producing new leaves 
at harvest, had not attained so high a 
mean for total leaf number or total num- 
ber of elongated internodes during 1950 
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as had sterile shoots which emerged dur- 
ing autumn, 1949. The smaller mean 
numbers of elongated internodes and of 
leaves produced during 1950 for the fer- 
tile culms emerging in 1950, as compared 
with the sterile ones or with fertile ones 
emerging in 1949, are a result of trans- 
formation of growing points from the 
vegetative to the reproductive state at a 
time when this was generally occurring; 


the new 1950 shoots underwent this 
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greater than the mean total number pro- 
duced during 1950 by the fertile ones 
(15.1 and 8.3, respectively). Since the 
mean number of leaves exserted during 
1949 was somewhat lower (6.8) for shoots 
which remained sterile than for fertile 
culms (7.8), the larger total number of 
leaves for shoots sterile at harvest is defi- 
nitely associated with the longer period 
of active leaf initiation experienced by 
the latter shoots during 1950. 


TABLE 5 


CHANGES IN MEAN NUMBERS OF DEAD, GREEN, AND TOTAL LEAVES BETWEEN TWO PERIODS OI 
OBSERVATION IN AUTUMN, 1949, FOR TILLERS FERTILE, STERILE, AND DEAD AT HARVEST 


Dart Of 
OBSERVA No. o1 
TION 
DAY Fertile 
CLONI BI 
NO, TWEEN 
OBSER No 
Sec VATIONS | of Dead | Green Total 
First e eal “pai iin eine 
yn till leaves leaves leaves 
ers 

14 10-13) 11-3 1 3 0.9 +0) 3 9 2 

10-14) 11-7 24 36 +17 0.9 +() 9 
6 10-18 11-8 a 82 +17 1.0 +08 
2 10-20) 11-11 23 60 +16 1.0 0.6 
H 10-21 1-14 25 35 +1.8 | 0.6 
3 10-24) 11-15 23 76 oe 1.9 +03 
1¢ 10-26; 11-16 22 62 1 ) PY +0 4 
5 10-2 11-18 3 66 ee | 2.4 0.4 

10-28 11-30 34 73 3.3 3.0 0.3 
0 10-3 12—€ 37 78 0 1.5 +05 

* Includes only dead tillers unelongated when tagged 


transformation with relatively few leaves 
and ultimately elongated only a few in- 
ternodes. The possibility should be noted 
that many fertile shoots which emerged 
in 1950 had poorly developed panicles as 
a consequence of the low number of 
leaves able to contribute to their devel- 
opment. 
LEAF COUNTS 

At harvest the mean total leaf number 
of the ten clones for all fertile culms 
tagged in 1949 was 16.1; for sterile 
shoots, 21.9 (table 2). Sterile shoots were 
still producing new leaves when harvest- 
ed. Similarly, at harvest the mean total 
number of leaves produced during 1950 
by sterile shoots tagged in 1949 was 


STATUS OF TILLER AT HARVEST 
Sterile Dead * 
No No 
of Dead Green Total ot Dead Green Total 
till- | leaves | leaves | leaves ill- | leaves | leaves | leaves 
ers ers 
1 +10 0.0 +1.0 14 +30 2.4 0.6 
33 1.4 —0.6 +0O.8 28 +1 5 0.9 0.6 
8 1.0 0.4 0.6 8 1.4 1.1 0.2 
25 14 1.0 +04 13 +1.2 0.8 0.4 
35 ‘5 -1.0 +05 22 419 1.5 04 
3 10 1.0 0.0 17 17 '.3 +-() 2 
14 1.9 1.8 0.1 21 2.1 1.9 0.3 
12 2 8 aca 0.5 20 » 3 . 2 05 
3 +1 3 1.0 +0 3 3 > 4 1.8 06 
3 +17 13 0 3 18 a. ae 03 


LEAF COUNTS IN 1949.—-In the 1949 
data (tables 2,5) for tagged shoots which 
were fertile, sterile, or dead at harvest in 
1950, variation in leaf number for any 
one count within the various classes was 
consistently wide. Even by excluding ex- 
tremes of ranges and by considering dif- 
fering percentages of the totals for any 
one category, the ranges were still large 
and overlapping. Thus, for smooth brome 
grass the leaf number formed on a tiller 
at any given time in the autumn is only 
one of the factors operative in determin- 
ing its fate the following year. However, 
the mean number of leaves (6.8) exserted 
during 1949 by tillers remaining sterile in 
1950 for all clones was lower than this 
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number (7.8) for fertile ones. Individual 
clones generally exhibited the same trend 
if representative numbers were included 
in the counts. Similarly, the mean num- 
ber of leaves (5.8) exserted in 1949 by 
fertile shoots from other clones dissected 
before harvest in 1950 was also larger 
than this mean number (4.0) for vegeta- 
tive shoots. Exceptions to this trend were 
noted for clones 5, 14, and 20; but here 
the numbers of sterile tillers available for 
deriving the means were too few to give 
the larger mean number observed for the 
sterile tillers much significance. For 
clones 2, 4, and 7, all relatively sterile, 
the mean total leaf number exserted in 
1949 by shoots fertile in 1950 was con- 
sistently greater than this number on 
shoots sterile in 1950. But, while in these 
particular clones the total number of 
leaves exserted by a tiller in late 1949 was 
apparently closely correlated with its 
final reproductive state in 1950, the 
ranges of variation in 1949 leaf counts for 
all shoots fertile at harvest indicate that 
this close correlation is not general. Other 
factors, such as relative favorableness of 
growth conditions for individual shoots 
and reproductive potentialities of clones, 
must be considered in accounting for fer- 
tility or sterility. 

Other trends in 1949 leaf counts for 
tillers fertile and sterile in 1950 were ob- 
served at both first and second periods of 
observations (tables 2, 5). Mean number 
of green leaves per tiller was greater than 
mean number of dead leaves for all clones 
until mid-November. Then, after the 
first severely cold weather, the mean 
number of dead leaves per tiller became 
the greater. 

Comparison on a clonal basis of the 
mean total number of leaves in the 
autumn on tagged unelongated shoots 
dead at harvest with these numbers for 
fertile and sterile shoots revealed no con- 


sistent pattern (table 2). Relatively un- 
favorable growth conditions were largely 
responsible for death of shoots irrespec- 
tive of number of leaves present. Num- 
bers of unelongated dead shoots within 
favorable, moderately favorable, and un- 
favorable categories of growth conditions 
were 47, 51, and 86, respectively (table 
2). Thus, there was a definite relationship 
between conditions for growth, as esti- 
mated in autumn, and survival. Approxi- 
mately half the total number of tagged, 
unelongated dead shoots (85 out of 184) 
were located in centers of clumps where 
growth conditions were generally unfa- 
vorable (table 2). 

Shoots dead at harvest had shown a 
tendency to die early. All ten clones for 
the first period of observation in 1949 
(table 2) showed a greater number of 
green than of dead leaves per tagged till- 
er regardless of whether it was fertile, 
sterile, or dead at harvest in 1950. At the 
second observation in 1949, however, 
shoots dead at harvest generally showed 
more leaf death than did fertile or sterile 
shoots, even prior to the advent of night- 
ly subfreezing, extreme temperatures. 
Another indication of waning vigor in 
1949 of the dead-shoot category was 
shown by comparing relative increase in 
mean total leaf numbers between the 
first and second periods of observation 
(table 5). Generally shoots fertile at har- 
vest then showed the greatest increase in 
leaf number, sterile shoots the next 
greatest, and dead shoots the least. Shoot 
death was probably related to a general 
retrogression in vigor which started 
early in the fall; affected shoots were 
consequently less able to withstand sud- 
den cold. Within a week there was a tem- 
perature drop from 74° F. to 16° F. 

LEAF COUNTS IN 1950.—Shoots emerg- 
ing in spring, 1950, also exhibited much 
variation in leaf numbers at harvest 
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(tables 3, 7). Mean leaf numbers for these 
tagged shoots, including all clones, were 
6.6 and 14.2, respectively, for fertile and 
sterile shoots. Ranges were 5-11 for fer- 
tile culms and 7-22 for sterile tillers. 
Their ranges in mean leaf counts per 
clone were 5.7 (clone 5) to 9.7 (clone 23) 
for fertile, and 12.0 (clone 6) to 18.7 
(clone 23) for sterile, shoots. For the fer- 
tile culms 72.7% had 6-7 leaves, and for 
the sterile shoots 62.9% had 12-15 
leaves. Considerably fewer total leaves 
were produced by fertile and _ sterile 
shoots emerged and tagged in spring, 
1950, than by shoots emerged and tagged 
in autumn, 1949 (tables 2, 3). The num- 
bers of leaves expanding during 1950 on 
fertile shoots tagged in 1949 and 1950 
more nearly correspond than do the total 
numbers produced; the same is true of 
sterile shoots. Even so, the shoots emerg- 
ing in 1950 produced in that spring fewer 
total leaves per tiller than did the tagged 
1949 shoots. The former had a shorter 
period available actively to initiate 
leaves, since they emerged at varying 
times after the 1949 shoots had actively 
resumed growth. Difference in total num- 
ber of leaves for 1950 tillers fertile and 
sterile at harvest was related to the fact 
that after floral initiation no further in- 
crease in leaf number was possible for 
fertile culms. 

The 1950 shoots tagged late in the 
spring period of tiller emergence tended 
to remain vegetative or, in some clones, 
to die before harvest. These vegetative 
shoots apparently had insufficient time 
to initiate the number of leaves indica- 
tive of the ‘‘ripe-to-flower’’condition be- 
fore close of the active period of floral 
initiation. For the dead shoots, there 
may have been some inhibition of further 
growth related to the simultaneous floral 
development in other tillers. 

Additional leaf-count data were ob- 


tained in the spring of 1950 at the time of 
floral initiation by dissecting 127 tillers 
which emerged in both 1949 and 1950 
from untagged clones. At approximately 
weekly intervals a record was made of 
the numbers of dead leaves, of green 
leaves partly or completely exserted, of 
nonexserted green leaves, including all 
distinguishable leaf primordia, of total 
leaves, of elongated internodes, and of 
the state of the growing point for each 
dissected tiller. Of these tillers, 57 were 
reproductive and 70 were vegetative 
when dissected (table 6). 

At the initial dissection on March 21, 
1950, all shoots emerging in autumn, 
1949, were still vegetative, and new 
leaves were just starting to protrude be- 
yond the sheaths of the dead ones. Floral 
initiation was first observed on April 5 
for shoots emerging in 1949; on April 27, 
for shoots emerging in 1950. Internodal 
elongation was first detected on April 28 
for one vegetative shoot. All shoots dis- 
sected thereafter, except one on May 9, 
showed elongation. At every preharvest 
dissection up to the time of internodal 
elongation the mean number of leaves 
was greater for reproductive shoots 
emerging in 1949 than for vegetative till- 
ers (table 6). At subsequent dissections 
the mean number was larger for sterile 
shoots; this difference increased until 
harvest in July, since the fertile shoots 
initiated no leaves after floral initiation, 
while the sterile ones were still forming 
them at harvest. The mean number per 
culm of dead leaves which had been ex- 
serted in 1949 was greater at every dis- 
section for fertile than for sterile tillers, 
confirming similar observations for the 
ten tagged clones. The mean number of 
green leaves with blades at least partly 
exserted was slightly larger for the fertile 
shoots at every preharvest dissection ex- 
cept the last, when continuing initiation 
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of new leaves by sterile shoots resulted in 
their finally exceeding the fertile ones. 
Data for shoots emerging in 1950 were 
lacking or spotty for many preharvest 
dissections; hence, trends are not clear 
(table 6). Contrast in mean leaf number 
between fertile and sterile shoots was not 
striking in most cases where data were 
available; this lack of contrast may indi- 
cate that some vegetative tillers were on 
the verge of becoming visibly reproduc- 
tive. Probably the most significant data 
are those for mean leaf number for each 
dissection. This increased markedly for 
sach successive dissection up to the time 
of internodal elongation. For sterile 
shoots this increase was continued there- 
after, but for fertile tillers the number re- 
mained relatively constant in subsequent 
dissections. This is interpreted to mean 
that shoots emerging in 1950 and eventu- 
ally becoming reproductive reached the 


necessary developmental state for floral. 


initiation—as indicated by the increased 
total number of leaves—prior to inter- 
nodal elongation. 

It is of interest to compare data ob- 
tained by these periodic preharvest dis- 
sections with those of final harvest of the 
fertile shoots which emerged in both 1949 
and 1950 (table 7). The mean total num- 
bers of leaves were: preharvest dissected 
shoots emerging in 1949, 15.3; harvested 
shoots emerging in 1949, 16.1; preharvest 
dissected shoots emerging in 1950, 10.5; 
and harvested shoots emerging in 1950, 
6.6. Mean total numbers of leaves for 
preharvest dissected and harvested tillers 
emerging in 1949 are nearly the same. 
Total mean numbers of leaves for prehar- 
vest and harvested shoots emerging in 
1950 are different, but the significance of 
this difference is problematical. The 
mean for preharvest shoots is based on 
only 15 shoots, and it is difficult accu- 
rately to determine leaf numbers for 
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culms at harvest because of the disinte- 
gration of the lowermost leaves. Record- 
ed mean numbers at harvest for fertile 
shoots emerging in 1950 were undoubted- 
ly somewhat lower than the actual 
values. 

The mean numbers of green leaves 
present in 1950 on fertile tillers were: pre- 
harvest dissected 1950 shoots, 10.5; pre- 
harvest dissected 1949 shoots, 9.4; har- 
vested 1949 shoots, 8.3; harvested 1950 
shoots, 6.6 (table 7). Within the various 
categories ranges of like magnitude were 
generally observed. It is assumed that 
physiological requirements for transfor- 
mation of growing points from the vege- 
tative to the reproductive state were sim- 
ilar for all these fertile shoots. It is also 
possible that the number of green leaves 
present during the year of actual flower- 
ing may partially determine reproduc- 
tivity. In the spring it may be necessary 
for sufficient additional leaves to be ini- 
tiated before conversion to the reproduc- 
tive state can occur. The data suggest 
that a minimum but variable number of 
leaves is formed before floral primordia 
are initiated. This requirement could be 
in addition to other factors involved in 
the attainment of “‘ripeness-to-flower,”’ 
and the variability of this number indi- 
cates that still other factors are impor- 
tant. Nevertheless, the data definitely 
show that a variable minimal number 
(about 5-14) of green leaves is present 
during the year of actual flowering before 
floral initiation occurs and that this num- 
ber is present before the end of the period 
during which floral primordia are formed 
(table 8). By excluding different numbers 
of tillers which deviate from the mean, 
the range of this minimal green-leaf num- 
ber is defined more sharply: 94%, 6-11; 
88% 6-10; 78%, 7-10; 68%, 7-9; and 
51%, 7-8. 


At harvest many fertile culms, emerged 
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in 1950 and with low total numbers of 
leaves, were decidedly spindly and only 
weakly reproductive, a condition possi- 
bly related to the low leaf number. A low 
number of leaves may limit the ability of 
the shoots to supply adequately what is 
needed for normal development at 
the growing points—*‘‘ripeness-to-flower”’ 
may not have been fully attained. 

It seems that those shoots which at- 
tained “‘ripeness-to-flower” prior to in- 
ternodal elongation became reproduc- 
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ness-to-flower’’; but, since this was not 
always true, other factors must also play 
important roles in reproductivity. 


FLORAL DEVELOPMENT 


In this paper, following the usage of 
Rice (22), ‘‘ ‘floral development’ refers 
to that part of the reproductive cycle be- 
ginning with ‘floral initiation’ (initiation 
of the inflorescence primordia), and pro- 
gressing through ‘exsertion’ (appearance 
of the inflorescence above the surround- 


TABLE 8 


RANGES IN NUMBERS OF GREEN LEAVES PER 
PILLERS EMERGING IN 1949 AND 1950 


TILLER EXPANDED DURING 1950 BY FERTILE 


AS SHOWN BY INCLUDING DIFFERENT 


PROPORTIONS OF TILLERS 


Year No No. 
of of F of 
ller classe fange*, %, 
Filles emer till Range y till 
gence ers ers 
Preharvest dissec 
tion... . 1949 42 7-11 100 38 
Tagged 1950 641 | 5-14.) 100 | 634 
Preharvest dissec 
tion. . 1950 15 | 8-12 100 13 
Tagged 1950 66 5-11 100 64 
All tillers 764, 5-14 100 670 


* Range of actual numbers for individual tillers 


+ Percentage of tillers included in range. 


tive, whereas shoots which began elonga- 
tion while still vegetative did not under- 
go such transformation. The larger mean 
leaf number present before internodal 
elongation for shoots which became fer- 
tile might well be important in their at- 
tainment of the internal state necessary 
for reproduction. However, apparently 
no one leaf number can serve as a critical 
measure of this attainment; the data re- 
vealed definite ranges in total leaf num- 
ber for both 1949 and 1950 fertile and 
sterile shoots, and these overlapped one 
another. Those shoots with the greater 
leaf number before internodal elongation 
apparently most often achieved ‘‘ripe- 





R —_ c+ of R oo* Cr 4 of IR 23 rs 
Nange till- ange till- ange | ) 
ers ers | 
8-11 90! 31, 810) 74| 25 | 9-10 | 59 
6-12 99 | 526 7-10 82] 471 | 7-9 | 73 
10-12 | 87 9 10-11 60 7 10 47 
5-9 97) 57, 5-7 | 86| 48| 67 | 73 
6-10 88 599 7-10 | 78 


ing leaf sheath) and ‘flowering’ (anthe- 
sis).’’ GALL (9), working with some of the 
same clones used in this study, reported 
that floral primordia in the Chicago area 
were first observed by dissection of vari- 
ous clones April 8-14, 1947. In every case 
he first found floral primordia on shoots 
with leaves 20 cm. or more long and with 
unelongated stems. These tillers must 
have emerged during the fall of 1946, 
since insufficient time had elapsed for 
them to attain that size in the spring of 
1947. During the present study floral pri- 
mordia were first detected on one tiller,of 
an untagged clone on April 5, 1950; and 
on April 11 four of five clones dissected 
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showed primordia. Floral initiation in the 
ten tagged clones undoubtedly occurred 
during approximately this same _per- 
iod. 

On shoots emerging during 1950 floral 
primordia were first found on April 27 on 
three clones. One vegetative shoot 
showed slight internodal elongation on 
April 28, and by May 9 elongation was 
general for all clones dissected. Starting 
on April 27 the length of dissected devel- 
oping inflorescences was measured. Sizes 
of inflorescence primordia dissected on 
May 9, and thereafter, made it evident 
that they had been initiated some time 
earlier. It is suggested that floral initia- 
tion had probably ceased around the end 
of April, coincidental with the beginning 
of internodal elongation. Thus the period 
of active floral initiation was approxi- 
mately 3 weeks long (April 5-27). Inves- 
tigations with other grasses have indicat- 
ed that elongation may or may not be re- 
lated to the reproductive process (9, 17, 
20, 22). 

A few inflorescences were exserted on 
each of the ten clones on May 25. Two 
weeks later 96% of the tagged fertile 
shoots on one clone had exserted inflo- 
rescences. On other clones 93-100% of 
the inflorescences on tagged culms were 
exserted within 3 weeks after the initial 
observation. The peak of exsertion thus 
fell within the first 2 weeks following the 
first observed exsertion. 

Anthesis was first detected on June 9 
on an untagged clone; six of the ten 
tagged clones exhibited it as of June 12, 
nine by June 14, and the remaining clone, 
no. 4, on June 18. All ten clones, except 
for clone 4, were no longer in anthesis on 
June 27, and clone 4 not after July 3. An- 
thesis thus covered approximately a 2- 
week period for each clone regardless of 
when first observed. At the time of har- 
vest the grains were ripening as indicated 


by general drying-out and browning of 
the panicles. 


Discussion 


The data obtained have been exam- 
ined to see whether some relationship 
does exist between the leaf number pres- 
ent on a tiller in smooth brome grass and 
the developmental state of its growing 
point. SHARMAN postulated (23) that the 
leaf number initiated is a possible meas- 
ure of the extent to which the inner phys- 
iological state necessary for subsequent 
morphological expression of reproductiv- 
ity has been attained. Before discussing 
this further, other pertinent factors de- 
fined in this study must also be consid- 
ered. 

The relative fertility or sterility of a 
clone of brome grass is in part genetically 
determined. Nevertheless, this investiga- 
tion has shown that the position of the 
individual tillers within the clump and 
the associated favorableness of growth 
conditions are apparently significant, es- 
pecially for those tending to be sterile. 
Of the 724 peripheral shoots unelongated 
when tagged in the autumn of 1949, at 
harvest 541 were fertile, 99 dead, and 84 
sterile (table 2). The clump periphery, 
therefore, provided favorable conditions 
for fertility, though no particular portion 
was most favorable. Of the tagged cen- 
trally located tillers, 100 were fertile, 85 
dead, and 53 sterile, indicating condi- 
tions decidedly less favorable for fer- 
tility. Data on favorableness of growth 
conditions as estimated from tiller posi- 
tion in the clump, light relations, and de- 
gree of crowding indicated close correla- 
tion with status of individual tillers at 
harvest. Of tillers which were unelongat- 
ed when tagged and then grown under 
rather favorable conditions, 364 were 
fertile, 47 dead, and 33 sterile at harvest. 
Under moderately favorable growth con- 
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ditions, 176 shoots were fertile, 51 dead, 
and 31 sterile. Tillers growing under un- 
favorable conditions showed 101 fertile, 
86 dead, and 73 sterile. Comparison of 
distribution of tillers within these three 
categories of favorableness separately for 
fertile and sterile shoots further empha- 
sizes importance of growth conditions. 
For example, 57% of the 641 shoots fer- 
tile at harvest had favorable growth con- 
ditions, 27% moderately favorable, and 
16% unfavorable. But of 137 shoots ster- 
ile at harvest, 24% had favorable growth 
conditions, 23% moderately favorable, 
and 53% unfavorable. 

Data on individual clones make it 
clear, however, that other factors must 
be considered. The relative favorableness 
of growth conditions for individual tillers 
was not significantly important for high- 
ly fertile clones, since only a few of the 
tagged shoots alive at harvest remained 
vegetative. Apparently for these clones 
the tendency to flower was so pro- 
nounced that the individual shoots be- 
came reproductive even under unfavor- 
able growth conditions. For relatively 
sterile clones, however, growth condi- 
tions for tillers were apparently impor- 
tant in conjunction with still another fac- 
tor, leaf number, in the reproductivity of 
individual tillers. For the three relatively 
sterile clones (2, 4, and 7), unelongated 
shoots with the greatest number of leaves 
exserted in the autumn most often initi- 
ated floral primordia the following 
spring. However, a considerable range in 
autumnal leaf number allowed reproduc- 
tion. In many cases shoots with low num- 
bers of leaves in the fall were still able to 
become reproductive providing they had 
grown under rather favorable conditions. 
This suggests that, in general, shoots 
with large numbers of leaves, as well as 
those with small numbers but growing 
under favorable conditions, were able by 


the close of the growing season in the 
autumn to reach that state of develop- 
ment necessary for future floral initia- 
tion. 

As indicated in the Introduction, the 
extent to which winter chilling influences 
development of ‘‘ripeness-to-flower’’ has 
not been decisively clarified for smooth 
brome grass. Though the ten clones were 
all exposed to similar low winter air tem- 
peratures, growing points of individual 
tillers were not necessarily uniformly 
chilled because of differences in their po- 
sitions relative to ground surface, in their 
positions within the clump, and in the 
protection afforded by inclosing leaf 
sheaths and by snow cover during certain 
periods. Although any chilling require- 
ment had probably been satisfied for in- 
dividual tillers, microclimatic differences 
were undoubtedly present and of some 
possible significance in reproductivity. 

The dissection data obtained for 
shoots emerging during both 1949 and 
1950 suggested that a minimum number 
of green leaves, including primordia, are 
present during the year of flowering prior 
to internodal elongation before floral pri- 
mordia are initiated. SHARMAN (24), in- 
vestigating couch grass (Agropyron re- 
pens [L.] Beauv.), reported that ‘“count- 
ing the transition leaf as the first, the 
main axis usually produces ten to eleven 
green leaves in all” before becoming re- 
productive and that “‘observations spread 
over four years indicate that while there 
may be some slight variation, in this lati- 
tude at least, about 80 per cent or more 
of the main shoots conform to these num- 
bers.”’ The data for smooth brome grass 
reveal similar conformity to a lesser ex- 
tent in the number of green leaves pres- 
ent on fertile culms during the year of 
flowering. By considering successively 
fewer fertile tillers of the total popula- 
tion, there is a retrogression in range of 
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green-leaf number (table 8); slightly less 
than 80% of all fertile tillers fell within 
the range of 7-10. Thus, for smooth 
brome grass more variation is found in 
the number of green leaves present on in- 
dividual tillers during the year of flower- 
ing before floral initiation than for couch 
grass; nevertheless, the trend is similar. 
The diversity in origin and type of the 
clones used in this study is undoubtedly 
an important factor in accounting for the 
observed variability in smooth brome 
grass, whereas the couch grass plants 
that SHARMAN studied were practically 
all from one “neighborhood” (27, 30). 
Data from this study strongly suggest 
also a relationship between internodal 
elongation and reproductivity for indi- 
vidual tillers. Other investigations with 
different grasses have indicated that 
elongation may or may not be related to 
the reproductive process. Purvis (20) 
recognized that stem growth in cereals is 
evidently correlated in some way with 
floral development and stated that, in 
some cases where floral initiation failed, 
there was then no internodal elongation. 
In still other instances elongation did not 
begin until after the initiation of floral 
primordia in the spring, and only those 
internodes which were between green 
leaves showed elongation. Some other 
grasses normally elongate their stems 
prior to floral initiation. OLMSTED (17), 
working with a strain of side-oats grama, 
stated that internodal elongation oc- 
curred prior to floral initiation and “was 
neither a sign nor an effect of reproduc- 
tive activity in this strain.’”’ Rice (22), 
however, studying another strain of the 
same species, reported that it showed 
practically no internodal elongation prior 
to floral initiation and also stated that, 
unless floral primordia were formed, al- 
most no elongation was observed even as 
late as October. It would thus seem that 


internodal elongation, at least for some 
species or strains, is in some way related 
to reproductive activity. 

WATKINS (28) stated that shading re- 
sulted in greater numbers of elongated 
internodes on fertile shoots of brome 
grass and more uniform lengths of inter- 
nodes. He did not specify the number of 
internodes produced under full light or 
the extent of increase under shade. Thus 
a fertile culm with more elongated inter- 
nodes than the mean number for its clone 
may conceivably be an expression of this 
effect, in part, at least, brought about by 
shading in crowded portions of the 
clumps. In some cases fertile shoots with 
maximum numbers of elongated inter- 
nodes had more than the usual number 
of elongated basal internodes less than 1 
cm. long. 

GALL (9), working with seven clones of 
smooth brome grass transplanted into 
the greenhouse on April 14 and placed 
under a 13-hour photoperiod, reported 
that after 6 weeks two clones exhibited a 
few fertile culms which had about six 
elongated internodes each. The divisions 
had been moved to the greenhouse after 
floral initiation was assumed to have oc- 
curred but prior to culm elongation. By 
June 3 the panicles on one clone were well 
developed and nearing exsertion but were 
somewhat less so on the other clone. 
However, all except the lowermost 
branchlets of the panicles for the former 
clone were brown and withered. The 
other five clones similarly treated showed 
more severe if not complete inhibition of 
normal elongation and/or floral develop- 
ment. GALL stated that there is a definite 
relationship between photoperiod and 
normal development and elongation of 
culms and panicle initials. The number 
of “‘about six’ elongated internodes re- 
ported by GALL is lower than the mean 
number observed for any one of the ten 
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clones during this investigation. Those 
few fertile shoots tagged in 1949 and 1950 
which had an elongated internode num- 
ber low than that of the means of their 
respective clones tended, in general, to be 
only weakly reproductive, as shown by 
spindly culms and sparsely developed 
panicles. Despite incomplete evidence, it 
is possible that a relationship may exist 
between low numbers of elongated inter- 
nodes and poor reproductive develop- 
ment; this needs further investigation. 

Actually the number of elongated in- 
ternodes per tiller may not in itself be im- 
portant except in its relation with the 
number of living leaves present on the 
shoot during the year of elongation and 
flowering; internodal elongation does not 
occur between nodes at which basal 
leaves are produced during the previous 
year. The leaves expanding during the 
year of flowering presumably are of pri- 
mary importance in the reproductive re- 
sponse ultimately observed. Possibly the 
effect of leaf number may be related to 
food synthesis required for normal devel- 
opment of the panicle or through photo- 
periodic ‘hormonal’’ effects. It is not 
clear, however, whether the shoots with 
fewer elongated internodes than the 
means of their clones are prevented from 
full reproductive activity because of the 
small leaf number, or whether the small 
number of leaves and the incomplete re- 
productive response are independent ex- 
pressions of some inner physiological 
state. 

Although the exact interrelationship 
of stem elongation and floral initiation in 
smooth brome grass is not obvious, it 
seems that, when the photoperiod be- 
comes sufficiently long to allow inter- 
nodal elongation, the growing points of 
vegetative shoots still present do not 
thereafter become reproductive in spite 
of the large number of leaves which even- 


tually are produced. However, the long 
photoperiod then does promote optimal 
development of floral primordia already 
present (9). If the required number of 
green leaves is not present before inter- 
nodal elongation occurs, then the shoot 
remains vegetative even though at a later 
time the leaf number becomes greater. 
There is, however, no particular number 
always found before a tiller becomes re- 
productive; rather these numbers fell 
within a range (5-14) which indicated 
that under different conditions and in 
different clones the minimal number will 
vary. Internodal elongation occurred 
only between the leaves green at some 
time during the year of flowering on all 
shoots which were dormant over the win- 
ter period. The extent to which leaves 
green in 1950 on shoots emerging in 1949 
were initiated during 1949 or 1950 was 
not determined. Probably for these 
shoots many of the leaves green in 1950 
were actually initiated during 1949. 
Many shoots which emerged during 
the early spring of 1950 undoubtedly rep- 
resented tillers arrested in development 
by winter cold while still below the 
ground surface. On these shoots some 
leaf primordia initiated during 1949 were 
undoubtedly present below ground and 
subjected to winter chilling. Some of 
these shoots were able to attain the “‘ripe- 
ness-to-flower” state as shown by their 
flowering during 1950. Most shoots 
which both emerged and became repro- 
ductive during 1950 were produced from 
basal axillary buds on culms also flower- 
ing in 1950; however, it was not conclu- 
sively shown that shoots arising from 
rhizome buds in early 1950 did not be- 
come reproductive. It is possible that the 
stimulus to flower may have been sup- 
plied by the parent tillers to those tillers 
emerging in 1950 which became fertile 
(weakly so in many cases); the parent 
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tillers also flowered in 1950 after emerg- 
ing in the summer or autumn of 1949. 
For many clones most tagged tillers 
emerging during early spring of 1950 
failed to survive (table 4). This, along 
with the observed lack of vigor for many 
fertile and sterile shoots emerging in 
spring, 1950, indicated that shoots which 
emerge in the spring do not contribute so 
significantly to the total growth and de- 
velopment of the clones as do shoots 
which emerge in the preceding summer 
or autumn; these latter shoots also ap- 
pear in greater number. 


Summary 


1. Clones of diverse origin and type of 
smooth brome grass (Bromus inermis 
Leyss.) were studied in the experimental 
plots of the Department of Botany, Uni- 
versity of Chicago, from October, 1949, 
through July, 1950, and from July, 1951, 
through March, 1952, to determine rela- 
tionships between reproductive activity 
and phases of development in individual 
tillers, especially relative to differences in 
the ecological cycle for tillers initiated 
and growing at different seasons. 

2. For ten clones studied intensively, 
approximately 1300 tillers were tagged in 
autumn, 1949, and spring, 1950, so as to 
provide maximum variation in size and 
condition. Data were recorded twice in 
autumn, 1949, for tillers emerged and 
tagged in 1949 and at harvest, July, 
1950, for tillers emerged and tagged in 
both fall, 1949, and spring, 1950. Other 
tillers were dissected in spring, 1950, to 
determine the initial dates of floral initia- 
tion and internodal elongation. At har- 
vest in July, 1950, the tagged shoots were 
grouped into four categories according to 
status—whether fertile, sterile, dead, or 
injured. Means, ranges, and frequency of 
distribution within the ranges were com- 
puted for data recorded for each category 
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at every observation, according to year 
of tiller emergence. 

3. Data obtained for individual tillers 
varied according to time and method of 
observation—whether fall, spring, or 
summer, and counting without dissec- 
tion, or counting with dissection. The fol- 
lowing data were recorded for individual 
tillers at one or more of the observational 
periods: position within clone; number of 
elongated internodes, if any; total num- 
ber of leaves; distribution of leaves into 
classes—expanded dead leaves, visible 
green leaves, and green leaves, including 
primordia, still inclosed within the 
sheaths; and stem height. An evaluation 
of relative favorableness of growth condi- 
tions was made for each tiller tagged in 
fall, 1949, at the first observation; this 
was correlated with its condition at har- 
vest. Thus, life-histories of tillers initiat- 
ed and growing at different seasons and 
under different conditions were deter- 
mined. 

4. The clones ranged from highly fertile 
to relatively sterile as based on percent- 
ages of tillers producing inflorescences. 
Such relative fertility or sterility is in 
part genetically determined; however, 
the positions of individual tillers within 
the clump and the associated favorable- 
ness of growth conditions are apparently 
of importance in reproductivity for those 
clones which tend to be sterile. Centers 
of clumps were less favorable for growth 
and reproductivity than peripheral re- 
gions as shown by the number of tillers 
tagged in fall, 1949, which were dead or 
vegetative at harvest. 

5. For individual tillers, fertile or 
sterile at harvest, considerable variation 
within and among the clones was ob- 
served for all data recorded. For shoots 
tagged in fall, 1949, the mean number of 
leaves exserted during 1949 was greater 
for tillers fertile at harvest (7.8) than for 
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those that were sterile (6.8); the same 
was generally true for individual clones. 
Much variability in actual number of ex- 
serted leaves present in fall, 1949, was 
noted for individual shoots: 2-15 and 3- 
12 for those fertile and sterile at harvest, 
respectively. 

6. A considerable variation in autum- 
nal leaf number of tillers allowed repro- 
duction within either highly fertile or rel- 
atively sterile clones. For highly fertile 
clones the tendency to flower was so pro- 
nounced that individual shoots with 
small numbers of leaves exserted in the 
autumn became reproductive eventually 
even under unfavorable growth condi- 
tions. Within relatively sterile clones the 
shoots with greater numbers of leaves 
exserted in the autumn more often initi- 
ated floral primordia than those with 
fewer numbers. Nevertheless, tillers in 
the relatively sterile clones with small 
numbers of leaves exserted in fall, 1949, 
did, in some cases, reach a state of de- 
velopment necessary for floral initiation 
in the spring. 
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7. Data obtained by preharvest dissec- 
tion of shoots emerging during both 1949 
and 1950 indicated that a minimal vari- 
able number (about 5-14) of green leaves 
(including primordia) is present on a till- 
er during the year of actual flowering be- 
fore floral initiation occurs. For approxi- 
mately 80% of all fertile culms this num- 
ber ranged from 7 to 10. Data also indi- 
cated that a minimal number (also vari- 
able) of green leaves must be present on 
an individual tiller before internodal 
elongation begins, or else the tiller re- 
mains vegetative, even though at a later 
time the leaf number becomes greater. 


The writer wishes to express his appre- 
ciation to the members of the Depart- 
ment of Botany for their encouragement 
and assistance and especially to Dr. 
CHARLES E. OLMSTED, who suggested the 
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THE RELATION OF SOIL MOISTURE TO CLEISTOGAMY 
IN STIPA LEUCOTRICHA 


WALTER V. BROWN 


Introduction 

Among facultatively cleistogamous 
species many environmental factors may 
limit or enhance the cleistogamic condi- 
tion; when so controlled, it has been 
called “ecological cleistogamy”’ by Up- 
HOF (7). Most studies of such effects have 
been little more than observations; few 
critical experiments have been reported 
in which a controlled range in values of a 
single environmental factor has been cor- 
related with quantitative variation of 
the cleistogamy ((8], for light; [1], for 
mineral salts). Nevertheless, the ob- 
served differences between cleistoga- 


mous and chasmogamous flowers in many 
reported cases of ecological cleistogamy 
are considerable and are outstanding ex- 
amples of environmental modification of 
hereditary traits. In such cases the 
cleistogamic flowers develop no further 
than the bud stage with great modifica- 
tion of petals and reproductive organs. 
For example, among grasses it has been 
found that anthers, pollen sacs, stamens, 
stigmas, lodicules, and pollen diameter 
may be greatly reduced. CHASE (3) 
stated that axillary cleistogamous flowers 
of some grasses were so different from 
the chasmogamous ones that they would 
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not have been classified in the same tribe 
of the grass family. Associated with the 
failure of the bud to open is some method 
of autogamy as well as modification of 
the time of development of floral parts. 
BROWN (2) suggested in an earlier 
study of cleistogamy in Stipa leucotricha 
Trin. and Rupr. that in this species this 
condition might be the result of low 
available soil water. The present study 
was designed to test this observation. 


Material and methods 


The plants of S. /eucotricha used were 
derived from a single clump. This origin 
does not mean that all fragments of the 
clump are parts of a single clone, for this 
species typically produces axillary cleis- 
togenes in basal leaf sheaths (2, 4) which 
often germinate in situ, producing a 
dense clump of numerous individuals, 
each of which further increases by tiller- 
ing. 

lor planting, both g-inch unglazed 
clay pots and g-inch glazed crocks were 
used, each type having a drain hole in 
the bottom. Each container held four 
plants and 173 pounds of black clay top- 
soil from a small area of the cultivated 
experimental field of the Plant Research 
Institute of the University of Texas. This 
soil is derived from the underlying Austin 
chalk. The field capacity of this soil was 
determined by soaking an area of the 
cultivated field with a rotating lawn 
sprinkler for 12 hours, taking a sample 
the next morning, weighing it, drying it 
in an oven to constant weight at 105° C., 
and reweighing it. Moisture content was 
calculated as a percentage of dry weight. 
The permanent-wilting percentage was 
determined by growing seedlings of to- 
mato, sunflower, and oats in sealed pint 
ice-cream containers until permanent 
wilting of the plants was reached, after 


which the soil was weighed, dried, and 
again weighed. Field capacity was 
33.0%, and the permanent-wilting per- 
centage was 13.5%. 

The experimental setup required that 
different containers have soil containing 
definite amounts of available water. 
Since it seems impossible to maintain a 
given sample of soil at a constant per- 
centage of field capacity (6), the method 
used to control the amount of soil water 
was to let the weight of the soil-filled pot 
or crock decrease by evaporational and 
transpirational loss of water to a prede- 
termined point. The soil-water content 
was then raised to field capacity and 
again allowed to dry down to the pre- 
determined weight. The porous pots lost 
water very rapidly, but the glazed crocks 
held soil water for much longer periods. 
lor these reasons both pots and crocks 
were used. 

To provide different soil-water condi- 
tions, eight pots and eight crocks were 
used to make two sets of four each. One 
set of four pots and four crocks was set 
out in the open sunlight; the other set 
was placed beside a wall with a south 
exposure. There was some difference in 
total light received, but it is not likely 
that light was a critical limiting factor 
for either set of plants. A removable 
waterproof cover was placed over each 
set of plants only when it rained or when 
rain was expected. With this procedure 
occasional rains did not interfere with the 
drying-out plan. 

Soil treatment was varied for each 
container in a given set of four pots or 
crocks: (a) soil moisture was maintained 
near field capacity; (b) the soil was al- 
lowed to dry down to a mid-point be- 
tween field capacity and the wilting per- 
centage; (c) the soil was watered when 
plants reached permanent wilting; and (d) 
the soil was periodically dried down to 
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well below the wilting percentage, nearly 
to air dryness. 

Plants were potted in October and 
kept well watered until January 1, when 
the various watering procedures were be- 
gun. Inflorescences were collected on 
April 27, when anthesis was at its peak, 
and each floret was examined. A diagram 
of each inflorescence depicting the rela- 
tive position of each floret was drawn, 
and, as each floret was examined, the 
proper floret on the diagram was left 
open to represent the chasmogamous 
condition or blackened to represent the 
floret as cleistogamous (fig. 34, B). Only 
one floret in the 545 studied appeared to 
be intermediate; all others were either 
cleistogamous or chasmogamous. 


Observations and discussion 


It is probably impossible to describe 
S. leucotricha as either cleistogamous or 
chasmogamous; it is potentially either, 
and both types of flowers often occur 
side by side in the same inflorescence. 
Then the differences in development of 
the two types are striking. 

At anthesis the chasmogamous flower 
(fig. 3C) has three large anthers 3-4 mm. 
long, two lodicules that are swollen and 
1 mm. long, and well-developed feathery 
stigmas about 1.5 mm. long. The ovary is 
very small. The lemma, its attached awn, 
and the glumes of both types of florets 
are the same. At anthesis the stamens 
and stigmas are forced out through the 
longitudinal slit of the lemma. Anthesis 
occurs in a large number of florets of the 
inflorescence at the same time, but, in 
general, the apical florets are further de- 
veloped than the basal ones and may 
have been initiated earlier. At anthesis 
the inflorescence is well exserted from the 
upper sheath. 

In contrast to a chasmogamous floret 
at anthesis is a cleistogamous floret of 


BOTANICAL GAZETTE 


[JUNE 


the same age (fig. 3D). The cleistog- 
amous floret contains a grain of nearly 
mature size filling the cavity of the 
rolled lemma and with the endosperm in 
the “milk’’ stage. At the apical end of 
the grain is a small tangle representing 
the poorly developed stigmas with one 
to three very small detached anthers up 
to 0.6 mm. long. This precocity of cleis- 
togamous flowers has been reported in 
Bromus (5). Autogamous pollination (2) 
occurs very early, while the inflorescence 
is still contained in the sheath. Evident- 
ly pollen and stigmas mature early in 
cleistogamous florets. 

Under the conditions of this experi- 
ment, when both types of florets occurred 
in the same inflorescence, the cleistog- 
amous florets were terminal, the chas- 
mogamous florets basal, except in crock 
6. This case will be described later and is 
unusual because of modified treatment. 

Pots 1-4 were in the open, with pot 1 
kept at about field capacity, pot 2 dried 
down to the dry weight of soil plus 23% 
water, pot 3 dried down to the permanent 
wilting percentage, and pot 4 dried down 
to the dry weight of soil plus 8% water. 
Table 1A lists the number and percent- 
age of each type of spikelet produced in 
each of these four pots. The plants in pot 
1 had produced no inflorescences at the 
time of collection. In general, soil kept 
at field capacity was too wet for best 
growth of this species. Figure 1A is a 
graph of the results listed in table 1. A 
direct relationship between chasmogamy 
and a high level of soil moisture and be- 
tween cleistogamy and a low level of soil 
moisture is indicated. Table 1B and figure 
1B show the results obtained from pots 
5-8 that were kept against the wall with 
exposure to the south. It is obvious that 
the method of control results in soil 
water being variable from time to time. 
The time of watering relative to the time 
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when floral initiation took place pro- 
duced some variation in the relative 
amounts of cleistogamy and chasmog- 
amy (fig. 14, B, C). 

Crocks 1-4 yielded results (table 1C 
and fig. 1C) rather similar to those of the 
pot treatments, except that crocks 2 and 
3 had more chasmogamy than pots 2 and 


data (fig. 2) from all plants reported in 
table 1A, B, and C. 

Crocks 5 and 8 were given a modified 
treatment. From January 1 to March 12 
crock 5 received the least water and 
crock 8 the most. From March 12 to 
April 27 crock 5 received the most water 
and crock 8 the least. Although no obser- 


TABLE 1 


NUMBER AND PERCENTAGE OF CLEISTOGAMOUS OR CHASMOGAMOUS 


FLORETS FROM E 











ACH CONTAINER 



































A B ( D 
Pot |Pot |Pot |Pot |Pot |Pot |Pot |Pot (Crock |Crock |Crock | Crock) Crock) Crock) Crock} Crock 
I 2 3 4 5 6 7 8 I 2 3 ) 7 5 
No. cleistog- 
amous 18 | 14] 15 S| 34} 33 20 20 15 23 19 
% cleistog- 
amous 46 | 78 |100 | 16 | 64 40 83 24 Ico 54 37 
No. chasmog- 
amous. . 21 4 42 | 19 | 39 | 17 20 81 85 18 32 38 
% chasmog- 
amous 54 | 22 84 | 36 | 54 | 17 | 100 | 100 76 > 16 63 | 1¢0 
A a c D 
100 . cr q 1 
PERCENT 
OF | 
FLORETS 
CLEISTOGAMOUS 50 
BLACK, 
CHASMOGAMOUS 
WHITE 
33. 23 135 8 33 23 135 6 33 23 135 8 33 23 135 8 
8 135 23 33 
PERCENT OF WATER 
Fic. 1.—Graphic representation of data in table 1; groups of table 1 correspond with groups of fig. 1 


3. This probably results from the fact 
that glazed crocks hold soil moisture 
much longer than porous pots, and over 
such a period of time as 4 months the 
plants actually have more available 
water. Nevertheless, the data from 
plants grown in crocks also show a cor- 
relation between available soil water and 
the extent of cleistogamy. This correla- 
tion is also illustrated by the combined 


vations were made, it is fairly certain 
that flower primordia were formed short- 
ly after March 12. The plant in crock 5 
received more than sufficient water up 
to March 12, but, since drying out of soil 
in glazed crocks is slow, there was ample 
moisture at the time of floral initiation 
to result in all chasmogamous florets. 
The plants in crock 8 received little 
water prior to March 12. Subsequently, 
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at the time of floral initiation they ap- 
parently received ample water, for all 
flowers were chasmogamous (table 1D; 
fig. 1D). Crocks 6 and 7, however, had 
intermediate amounts of water both be- 
fore and after March 12, and so there was 
at most a possible slight shift in the ex- 
tent of cleistogamy of these two relative 
to each other. This change in treatment 
evidently occurred at a critical point of 
floral initiation in the plants in crock 6 so 
that the terminal florets were chasmog- 











100) oy 
94 
PERCENT 
OF ai 
FLORETS : 
CLEISTOGAMOUS 57 
50 
BLACK, 46 
CHASMOGAMOUS ] 
WHITE 25; 
16 
o'-33 23135 ~8 
PERCENT OF WATER 
Fic. 2.—Graphic representation of combined 


data in table 14, B,andC. 


amous, the basal were cleistogamous. 
This arrangement was found in no other 
plants; in all others, if both types oc- 
curred in one inflorescence, the cleistoga- 
mous florets were terminal (fig. 3). This 
unusual arrangement may be a result of 
the treatment; the plants had sufficient 
water up to March 12 to produce chas- 
mogamous florets but rather less there- 
after and produced cleistogamous florets. 
According to this interpretation, the 
terminal florets were produced first under 
conditions of an adequate water supply 
and so were chasmogamous; but, when 
the lower florets were initiated, there was 
less soil water, and the florets produced 
were cleistogamous. Since the terminal 
florets reach anthesis a few days before 
the basal florets, it may well be that the 
terminal florets are initiated earliest. A 
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somewhat similar condition was reported 
(5) in Bromus carinatus Hook. and Arn. 

In all series of this experiment cleistog- 
amy was inversely related to availabil- 
ity of soil water. It seems that this 
environmental factor is able to modify 
the action of genes determining the mor- 
phological characteristics and the time 
of development of the floral parts. It is 
evident that there is a fine balance be- 
tween the cleistogamous and chasmog- 
amous tendencies, such that a change in 
the quantity of soil water can change the 
character of florets in the middle of an 
inflorescence. It is not known why, in 
in nearly all plants with both types of 
florets, the cleistogamous ones are termi- 
nal, but it seems likely that the time of 
watering about the period of floral initia- 
tion may be of significance. It is also 
unknown why, in all cases except one, 
each floret is completely cleistogamous or 
chasmogamous. The only floret that ap- 
peared intermediate was found on an in- 
florescence from the plant in crock 6, the 
inflorescences of which were unusual in 
other ways. 

HARLAN (5) postulated for Bromus 
carinatus that it is probable’ that the 
chasmogamy or cleistogamy of a floret is 
determined at the time of differentiation 
in the primordium with an abrupt 
physiological transition possible that 
might be explained on a threshold basis. 
The evidence presented here suggests 
that this concept might apply also to 
Stipa leucotricha in relation to available 
soil water alone. 


Summary 


1. Plants of Stipa leucotricha were 
grown under four different conditions of 
available soil water in porous unglazed 
clay pots and in glazed crocks. In all 
cases the less the amount of soil water 
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available to a plant, the higher its per- The author gratefully acknowledges 
centage of cleistogamy. the technical assistance of GERALD COE 

2. This species is evidently neither jn certain phases of this work. 
chasmogamous nor cleistogamous but is 


potentially either. The balance between ee 
these two conditions is delicate and can UNIVERSITY OF TEXAS 
be changed during floral initiation by the AusTIN, TEXAS 

iw) e 


AND 


amount of available soil water crossing _ 
CLAYTON FOUNDATION FOR RESEARCH 


a determining threshold value. 





Fic. 3.—A, diagram of typical inflorescence consisting of both cleistogamous (black) and chasmogamous 
white) spikelets, the cleistogamous terminal. From pot 6. B, diagram of inflorescence from crock 6, with 
cleistogamous florets basal. One floret was intermediate as to anther and stigma and was sterile. C, chasmog- 
amous floret at anthesis. D, cleistogamous grain from floret of same age as C. Note two small anthers 
tangled in small stigmas in cleistogamous floret. 
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VEGETATIVE ANATOMY OF THEOBROMA CACAO 


ERWIN R. BROOKS AND ARTHUR T. GUARD 


Introduction 


Cacao, Theobroma cacao L., is a small 
evergreen tree, native to the American 
tropics. According to BARRETT (1) 98% 
of the world’s chocolate and cocoa supply 
is made from its seeds. 

Since this species plays an important 
role in the economy of the world, it 
seemed desirable to undertake a careful 
study of its morphology and anatomy. 
Such information would be useful as a 
background for practices used in its cul- 
ture, as well as further knowledge of the 
structure of a member of the Stercu- 
liaceae. 

All the material used in this anatomi- 
cal study of cacao came from the Inter- 
American Institute of Agricultural Sci- 
ence at Turrialba, Costa Rica, or its 
cacao experimental plantation, La Lola, 
at Madre de Dios, Costa Rica. 


Observations 
Root 
I. cacao has a prominent taproot. A 
15-foot tree dug and measured at the La 
Lola Plantation had a taproot more than 
5 feet long. Soil where this tree was grow- 
ing was a very heavy, stony, lateritic clay 


containing many large boulders. Most of 
the large feeder roots are usually within 
the top 4-6 inches of the soil surface. 
Most of the lateral roots arise at the soil 
surface from a definite ring zone on the 
primary root. This prominent feature ap- 
pears at the transition zone in the ger- 
minating seed. 

The surface laterals form a dense mat 
for several feet around the trunk. For the 
tree cited above, one lateral extended 16 
feet. It can be readily seen, therefore, 
that orchards planted with trees at the 
usual distance of 12 feet apart have a 
continuous mat of interlacing feeder 
roots in the surface soil. This should be 
kept in mind in cultivating and in fer- 
tilizer experiments. 

PRIMARY TISSUES.—The primary root 
is hexarch (fig. 1). The metaxylem strands 
widen as they approach the center, but 
union of the strands is not achieved. No 
definite annular or spiral elements were 
found in the protoxylem. 

Very prominent in the root tip are cer- 
tain cells which are filled with a mu- 
cilaginous material and stain heavily. 
They elongate considerably more than do 
the surrounding cells; and the end walls 
disappear. They extend up into the cen- 
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tral parenchyma and metaxylem as soli- 
tary strands which are straight, un- 
branched, and decrease in number above 
5 cm. from the tip until there are few or 
none above 1-2 cm. 

At from 1 to 5 cm. from the root tip 
the parenchyma cells in the center and 
between the metaxylem strands are only 
slightly elongated. These thin-walled 
cells have large vacuoles, and occasional 
ones are filled with mucilage. 


On alternate radii to the primary 
xylem strands are six groups of primary 
phloem which are separated from the 
more centralized metaxylem by paren- 
chyma. These primary phloem groups 
are separated from the endodermis by at 
least a single layer of pericyclic cells. As 
the primary phloem cells are parenchym- 
atous and only slightly smaller than the 
parenchyma cells, they are quite hard 
to distinguish. As maturation of the tap- 








Fics. 1-4.—Theobroma cacao. Fig. 1, transverse section of primary root of 6-week-old seedling taken 3 
inches from tip. Fig. 2, transverse section of primary root showing young lateral. Note that entire side of 
stele is involved. Fig. 3, median longitudinal section of chupon-wood primordium, Fig. 4, median longitudinal 
section of very young orqueta, 
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root proceeds, the primary phloem is 
eventually crushed and disappears. 

The pericycle is a single layer of uni- 
form cells around the stele, forming a 
hexagon in cross section. The six flat sides 
and six oblique corners are very striking. 
When the roots are grown in water cul- 
ture, the sides are very regular. In soil, 
however, this configuration is sometimes 
greatly distorted. In all cases, neverthe- 
less, the sides are straight, and the pro- 
toxylem point lies at the center of its cor- 
responding side, while the primary phlo- 
em groups are located at the corners. 

Initiation of lateral roots takes place 
opposite the protoxylem points. Tangen- 
tial divisions of the pericyclic cells occur 
along the entire side. There appears to be 
no special sequence of lateral root initia- 
tion, although in the region of major sur- 
face laterals all six sides of the stele may 
show secondary-root initiation in a region 
100-150 uw long. In this region initiation 
occurs very early in ontogeny, and, if two 
laterals develop at the same level, they 
arise from adjacent sides. 

The endodermis, a single layer, is dif- 
ferentiated very early. The cells are filled 
with a mucilaginous substance that 
stains so heavily that Casparian thick- 
enings, if present, are obscured. There 
are a few clear cells which may be pas- 
sage cells, although they are not located 
at any regular loci. 

Ten to sixteen layers of large, paren- 
chymatous cells outside the endodermis 
make up the cortex. Most of the cells are 
clear, thin walled, and slightly elongated 
parallel to the root axis. An occasional 
cell is filled with a substance which stains 
heavily, and the two or three layers next 
to the epidermis sometimes stain so heav- 
ily as to make the individual cells indis- 
tinct. 

The epidermis consists of a single layer 


of cells and is differentiated very early. 
The cells become filled with mucilage as 
soon as they are differentiated and con- 
tinue to stain heavily until shortly before 
secondary tissue is formed. Root hairs do 
not seem to develop on the primary root 
until after cambial activity is evident. 

SECONDARY TISSUE IN THE PRIMARY 
root.—As the primary tissues mature, 
the procambium becomes more difficult 
to identify. This is not surprising, as the 
cambium itself is almost impossible to 
identify and can be located most easily 
by its position relative to xylem and 
phloem. In appearance it resembles an 
ill-defined interfascicular cambium. It is, 
however, continuous around the stele. 

The secondary xylem consists of prom- 
inent vessels, nonlignified parenchym- 
atous cells, and ray cells. Close to the 
primary xylem, vessel elements are fre- 
quent and occur in groups of three to 
eight. Farther out they are less frequent, 
larger, and occur in shorter radial rows. 
The thick vessel walls are lignified, and 
the middle lamella is prominent. Both 
simple and bordered pits occur and are 
very large and so numerous that the 
walls have a lattice-like appearance. 
This is especially true in walls common 
to two vessels or to a vessel and a wood 
parenchyma cell which lies radial to the 
vessel. The end walls of vessel elements 
are washer-like, with a single large per- 
foration in the center, and are slanted at 
a slight angle. Rarely an end wall may be 
slanted at more than 45°. 

The two types of pits may both occur 
in a single vessel element. The simple pits 
are lanceolate-ovate to oval in shape, the 
former being much more common. The 
bordered pits have greatly reduced bor- 
ders, and the opening mouth is slitlike. 
As would be expected, they occur as pit- 
pairs and are most abundant in vessels 
and cells associated with vessels. Unex- 
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pectedly, pits are few and very elemen- 
tary in the ray cells. 

Xvlem rays are numerous, one to three 
cells wide, ten to forty cells in depth, with 
single rows of marginal ray cells at upper 
and lower edges. The ray cells are rough- 
ly rectangular in cross section, the axis 
radial. The end walls are perforated with 
numerous, large pits. The side walls are 
thin and contain few pits. Starch grains 
are numerous, and many of the cells stain 
solidly as a result of the mucilaginous 
material they contain. Most vessels are 
in direct or close contact with a ray. 

As would be expected, each ray con- 
tinues into the phloem. Here the ray 
widens, making the phloem portion of the 
ray triangular, with the apex toward the 
cambium. This characteristic is common 
in the Sterculiaceae. 

The secondary phloem consists of sieve 
tubes, companion cells, phloem fibers, 
and phloem parenchyma, in addition to 
the phloem rays. These all occur in a 
definite pattern. In later development 
phellogen ari. ‘s in the phloem region. 

The sieve tubes are small, irregular in 
cross section, and somewhat elongated. 
Most of them have a transverse end wall 
which contains the sieve plate. A single 
sieve tube may abut on one or two others. 
The side walls are thin, and no lattices 
have been found. A few sieve tubes con- 
tain starch grains, mucilage, or slime 
plugs. Most of them, however, appear 
clear and functional. 

Companion cells are difficult to recog- 
nize because of the small size of all 
phloem elements in the root of the cacao. 
They are smaller than the sieve tubes 
and of about the same length. The end 
wall angles as it abuts the next com- 
panion cell. The cell is clear, contains a 
small nucleus, and appears to remain in a 
meristematic condition. The sieve tubes 
and their companion cells form groups, 
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centrifugal to the cambium and cen- 
tripetal to bundles of phloem fibers, and 
are bounded radially on both sides by the 
phloem rays. 

The phloem fibers are much elongated, 
pointed, and small in diameter. The cell 
walls are thick and lignified, and the 
lumen is small. The fiber bundles fre- 
quently appear triangular in shape in 
transverse section as a result of the tan- 
gential expansion of the phloem rays. 
Small groups of isodiametric parenchyma 
cells and crushed sieve tubes are inter- 
mixed within the fiber bundles. 

Cork cambiums may be initiated at 
different depths at approximately the 
same time. The outermost is in the cor- 
tex, and two or three more layers may be 
formed there before the secondary phlo- 
em is reached. The phellogens are often 
only one to three cells apart. The cork 
cells, heavily suberized and with lumens 
completely filled, form a tissue which is 
perfectly regular with no intercellular 
spaces. No phelloderm has been found 
even when phellem layers were fifteen to 
twenty cells in depth. The entire mature 
root is encased in these cork lavers. The 
outermost layer is eventually sloughed 
off, and a newer one takes its place. 

SECONDARY OR LATERAL ROOTS.-——As 
stated earlier, the initiation of secondary 
roots takes place in the pericycle. The 
new root pushes out along one whole side 
of the pericyclic hexagon (fig. 2), break- 
ing the endodermis, cortex, and epider- 
mis of the primary root as it grows out to 
the soil. 

The regions of the lateral roots close to 
the tip seem identical with those of the 
primary root. The major difference be- 
tween the two is found in the primary 
vascular strands. Whereas the primary 
root is hexarch, the lateral roots are 
tetrarch. 


Formation of 


secondary elements 
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rounds out the xylem and crushes the 
primary phloem. Branch lateral roots are 
also initiated in the pericycle outside the 
xylem arms. 

The epidermis in lateral roots, unlike 
that in the primary roots, remains clear. 
Root-hair formation does not start until 
after lateral roots are produced. 

Anatomy of the other tissues of the 
secondary root is essentially the same as 
in the primary root. 


SHOOT 


The stem is dimorphic; the main trunk 
varies in height from 4 to 10 feet. The 
senior author observed one orchard in 
heavy shade and with thick underbrush 
where the trunks were 15-20 feet high. 
The trunk ends in a crown of five 
branches known as an orqueta. The in- 
ternodes between these five branches are 
so telescoped that, after 2-3 years of 
growth, they appear as if they had arisen 
from one node. This orqueta formation is 
one of the most outstanding characteris- 
tics of T. cacae. It differs from ordinary 
crown formation in that it is formed nat- 
urally rather than induced by pruning; 
unless modified by pruning or injury, five 
branches are always formed, and the 
phyllotaxy of the stem below the orqueta 
is 2 and above it is 3. Cook (2), in an 
excellent description of the foliage char- 
acteristics, has reported the phyllotaxy 
of the upright shoots as ;°5. 

Trunks below the orqueta give rise 
only to chupons, which are shoots mor- 
phologically the same as the trunk. They 
likewise have the 3 phyllotaxy and ter- 
minate in an orqueta. The branches of 
the orqueta or fan wood, as they are gen- 
erally called, may give rise to more fan 
wood or, occasionally, to one or more 
chupons. The formation of chupons on 
the fan wood is greatly stimulated by 
pruning or wounding. 


The chupons always make a right 
angle in their attachment to the trunk or 
branch from which they arise. At the 
base of this angle is a root primordium 
which, if the chupon is within 4 inches of 
the ground, will develop into a root which 
enters the soil and behaves like a taproot. 
After this has become established in the 
soil, the attachment of the chupon to the 
parent tree may break and the new plant 
continue as an independent tree. Vegeta- 
tive reproduction by this method is com- 
mon in fallen trees. 

LEAVES.—Dimorphism of the leaves 
is not so pronounced in 7. cacao as in 
some other species of Theobroma. The 
petioles of the leaves of trunks or chu- 
pons are somewhat longer than those of 
the branches. Also the vigor and general 
size of the chupon leaves are usually 
greater than in fan-wood leaves. Cook 
(2) stated that the petioles are about 1 
inch long on the lateral branches and 3-4 
inches long on the upright shoots. He 
also showed that, although petiole length 
varied with leaf size, the ratio of the 
petiole length to blade size is almost al- 
ways greater in leaves of the upright 
shoot. 

The leaf petioles have basal and apical 
pulvini which tend to regulate the posi- 
tion of the leaves. The degree of their 
activity varies from tree to tree. This 
variation may account in part for the 
ability of some trees to survive better 
than others when not shaded. 

The leaf blades are simple, lanceolate 
to lanceolate-ovate. The margin is entire 
and slightly wavy. The venation is pin- 
nate, and the surface is glabrous on both 
sides. 

A bud is borne in the axil of each leaf; 
it remains dormant until long after the 
leaf has dropped. Cook (2) stated that 
there appear to be adventitious inflores- 
cences at nodes where no leaves have de- 
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veloped or, at least, where no leaf scar 
could be found. It seems to the authors 
that the latter is more likely the case. 
Two factors strengthen this view: (a) 
The authors have never found inflores- 
cences on the fan wood which did not fol- 
low the 3 phyllotaxy of the leaves. 
Trunks and chupons were not checked, 
however. (b) Incomplete leaf develop- 
ment toward the latter part of the 
growth flush causes the location of the 
nodes to be obscure. Since flowering 
cushions form later, it is difficult to ascer- 
tain the position of the node. 

Humpuries (3) and HUMPHRIES and 
McKEE (4) have studied the cycle and 
causes of growth flushes in cacao. They 
found that at least 8 weeks had to elapse 
between flushes in the same twig. Not all 
trees within an area will grow at the same 
time unless a definite dry-and-wet sea- 
sonal cycle prevails. They also found a 
correlation between flushes and maxi- 
mum air temperature, provided an 8- 
week period had elapsed. There are usu- 
ally two to four heavy flushing periods a 
year per tree. 

FLOWERING cusHIONS.—The heaviest 
flowering and fruiting always take place 
on the oldest wood therefore, on the 
trunk. Flowering may occur on wood 
that is only three or four flushes old, and 
occasionally small fruits develop from 
these flowers. 

The flowers occur on extremely tele- 
scoped fruiting branches called flowering 
cushions. As the flowering cushion be- 
comes older, it widens until it looks like a 
knot or hump about 4-5 inches wide and 
raised 1-2 inches from the trunk or main 
branch. Such a flowering cushion may 
have from forty to sixty flowers on it at 
one. time and be able to mature four large 
fruits during a single fruiting period, 
though such cases are rare. Generally a 
tree produces several thousand flowers 


annually but matures only a very small 
percentage of fruit. 

ANATOMY OF STEM.—Although the 
stem is definitely dimorphic, the anat- 
omy of both chupon and fan wood is fun- 
damentally the same. Very young stems 
of both are terete. The } phyllotaxy of 
the chupon wood is indicated by the ir- 
regularity of the occurrence of leaf pri- 
mordia in median longitudinal section 
(fig. 3). 

The provascular tissue of both types 
of stems forms a continuous ring, and 
maturation of the protoxylem occurs 
very close to the apex. 

At the nodes maturation of vascular 
elements begins in the leaf trace and pro- 
ceeds both basipetally and acropetally. 
The primary xylem is endarch and usual- 
ly shows a radial alignment continuous 
with that of the secondary xylem. The 
phloem components are so small that it 
is hard to distinguish the characteristics 
of different cells. Most of them are paren- 
chymatous and isodiametric, although a 
few are slightly elongated. Some contain 
either starch grains or mucilaginous sub- 
stances. 

The pith is rather large, circular, and 
persistent. The cells are large and isodia- 
metric with intercellular spaces. Of unu- 
sual interest are the large, elongated, 
lysigenous cavities. The position of these 
cavities is indicated close to the stem tip 
by groups of cells in which the cytoplasm 
is more granular and has a greater af- 
finity for stain. At this stage these cell 
groups form a pattern of one central 
group surrounded by five other equally 
spaced ones. Each of these groups rapidly 
develops into a large lysigenous cavity 
which is filled with mucilage (fig. 6). 
Each extends for a considerable distance 
and perhaps through the length of the 
stem (fig. 5). 

The pericycle and endodermis are ex- 
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tremely hard to distinguish. Many of the 
innermost cortical cells, more elongated 
longitudinally than the other cells of the 
cortex, fill with mucilage; there is no 
definite proof that they are endodermal 
cells, however. 

The cortex is usually from fifteen to 
twenty layers of cells in thickness. All the 
cells are essentially parenchymatous in 


nature with the cells of inside layers iso- 
diametric and those toward the outside 
somewhat elongated and smaller. Cells in 
the two or three layers centripetal to the 
epidermis are filled very early in their de- 
velopment with a mucilage-like sub- 
stance. No collenchyma cells are formed 
in either fan or chupon wood except at 
the base of the leaf petioles. 





Fics. 5-8.—Theoboma cacao. Fig. 5, radial section of young fan wood showing lysigenous cavities of pith 
and cortex. Fig. 6, transverse section of fan wood taken very close to stem apex. Note lysigenous cavities in 
pith and cortex and stipule and petiole vascular traces. Fig. 7, secondary xylem of stem in transverse section. 
Fig. 8, brick-shaped cortical cells in pulvinus. Smal] dark spots are starch granules. 
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Many mucilage-filled, lysigenous cavi- 
ties are also found in the cortex and are 
continuous into the leaf petioles and 
stipules. The strands are apparently not 
so long as in the pith and are generally 
smaller, more numerous, and more ir- 
regular. The irregularity probably re- 
sults from two or more cavities uniting 

The epidermis is the first tissue dif- 
ferentiated. The cells are small, uniform, 
and clear, and the walls a little thicker 
than those of the cortical cells. Unicellu- 
lar, pointed, epidermal hairs occur pro- 
fusely, especially on the terminal por- 
tions of the stem and on stipules, petioles, 
and buds. The type of epidermal hair is 
very characteristic of the species and is 
used in taxonomic identification. These 
hairs are formed by the prolongation of 
the outer wall of the epidermal mother 
cell. Many are quite long and are often 
filled with starch grains or a mucilaginous 
substance. A few of the hairs and the epi- 
dermis persist for a considerable time 
after initiation of secondary growth. 
Only after considerable phellem is pro- 
duced is the epidermis finally sloughed 
off. 

ORQUETA  FORMATION.—-Anatomical 
examination of the orqueta shows that 
ach branch arises from an individual 
node, but these nodes are so telescoped as 
to appear almost as a single one (fig. 4). 

A marked lack of internodal elonga- 
tion is the first sign that an orqueta is 
forming. The branches develop rapidly 
from the axillary buds, and the subtend- 
ing undeveloped leaves and_ stipules 
abscise. Before the branches are an inch 
long, only vascular traces are left to 
show that leaves and stipules ever ex- 
isted. 

The question arises as to whether 
axillary buds on the chupon wood below 
the orqueta would produce fan wood, like 
the branches at the orqueta, or chupon 
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wood. In each leaf axil only one bud de- 
velops, whether that axil is on chupon or 
fan wood, and all appear identical, with a 
phyllotaxy of 3. 

If one of the five lateral branch buds 
was not allowed to develop, would a 
lower bud take over as a fan-wood 
branch? This cannot be answered until 
more work is done. If, as anatomical ex- 
amination would indicate, buds below 
the orqueta are fan buds, the origin of 
chupons becomes the next question. The 
supposition that they arise from ad- 
ventitious buds appears logical but needs 
proof. Evidences to support an adventi- 
tious origin are the occurrence of chupons 
on fan wood and their abundance after a 
heavy pruning. 

In the chupon wood two vascular 
traces leave the stele and pass to the 
stipules. Between them and at a slightly 
higher level a third trace breaks from the 
rascular cylinder and enters the petiole 
(fig. 6). The vascular cylinder then closes 
over the gap and close above forms a 
trace to the bud. All these traces are 
unbroken and uniform in their passage 
through the cortex. This, however, is not 
the case where the stem terminates in the 
orqueta. Here, under the cortex of the 
central dome, the vascular elements are 
highly irregular. The broken, uneven, 
multidirectional strands resemble those 
found in gall or graft tissue. 

Growth of the branches causes the 
top-central part of the orqueta to be 
pushed and pinched upward into a dome. 
This evident growth stress has caused 
discussion as to the strength or weakness 
inherent in a crown of this type. Longi- 
tudinal sections show no splitting, how- 
ever, nor do they show any more evi- 
dence of stress weaknesses than can be 
found in any branch crotch of a similar 
angle. In the sections studied this angle 
is great enough so that it would seem 
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highly improbable that phloem pockets 
could be formed and thus render the 
crotch weak. 

SECONDARY STEM TISSUE.—Secondary 
thickening in the stem is quite similar to 
that in the root, and lateral growth ap- 
pears to be the same in both fan and 
chupon wood. Secondary vessel elements 
are added in direct radial alignment with 
those of the primary xylem (fig. 7). Ves- 
sels are much more abundant in the stem 
than in the root, but their characteristic 
radial grouping is the same as in roots. 
The xylem fibers have rather thin ligni- 
fied walls with a few simple pits. They 
are elongated to about ten times their 
diameter. The vascular rays of the stem 
are similar to those of the root, except 
that they are wider, the simple pits more 
noticeable, and many of the cells in the 
phloem portion have solitary druses of 
calcium oxalate. 

In the stem a broad zone of similar, 
small, thin-walled, meristematic cells 
makes it difficult to locate accurately the 
actual cambium. 

The phloem is generally thicker in the 
stem than in the root. Phloem fibers oc- 
cur in small groups separated tangen- 
tially by phloem parenchyma or crushed 
sieve tubes and companion sells and 
radially by the phloem rays. Sieve tubes 
can only be identified positively by the 
slime plugs. They and their companion 
cells occur in small groups between 
patches of cells which later become fibers. 
Sieve-tube elements and companion cells 
are similar to those in the root. 

Phellem is much less abundant and 
production slower in the stem than in the 
root. Usually there are only one or two 
layers of phellem as compared with the 
many layers in the root. Mention should 
be made again of the ability of the cortex 
and epidermis to remain undestroyed 
long after considerable secondary xylem 


and phloem have been produced. 

LEAF ANATOMY.—In early leaf ontog- 
eny the stipules develop below and on 
either side of the petiole with but the nar- 
rowest connections to the petiole. In de- 
velopment, however, enlargement of the 
petiole results in its downward extension 
and a further separation of the stipules so 
that the latter appear on a level with the 
solitary bud. This makes it probable that 
stipule scars may have been mistaken for 
additional axillary buds. 

Each vascular trace to a stipule sends 
off a side branch toward the main trace of 
the petiole while still within the main 
stem. The two side branches do not join 
the main trace but turn into the basal 
pulvinus. At the same time the central 
petiole trace divides to form three 
strands. The central strand then passes 
up through the basal pulvinus, and where 
this merges with the regular petiole the 
five traces unite to form a vascular 
cylinder. 

In the apical pulvinus the vascular 
cylinder acts very erratically. Side traces 
are formed only to rejoin the vascular 
cylinder. The cylinder develops gaps, 
flattens out, becomes U-shaped, and per- 
forms generally in an unusual manner. 
As they enter the midrib, however, the 
vascular tissues appear shaped like a 
half-moon in transverse section. 

Pith cells throughout both pulvini, 
regular petiole, and midrib are very simi- 
lar to those in the main stem, ,but only 
one mucilage-filled cavity is formed. The 
xylem consists of parenchyma and ves- 
sels. These vessels are large, mostly retic- 
ulate, with a few scalariform and spiral 
elements. The phloem in this region 
shows little differentiation. Outside the 
phloem are narrow bands of fibers which 
are continuous through the pulvini, 
petiole, and midrib. 

The stele of the petiole is surrounded 
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by multilayered cortex. In the basal 
pulvinus this is thickest on the abaxial 
side, whereas the reverse is true in the 
apical pulvinus. The cortex also contains 
mucilage-filled, lysigenous cavities. The 
outermost layers of the cortex are made 
up of collenchyma cells, many of which 
are filled with mucilage, solitary druses 
of calcium oxalate, or starch granules. 

The movement of the pulvini is prob- 
ably attributable to the parenchymatous 
cortical cells. These cells are uniform, 
brick shaped, evenly spaced, and contain 
many very small granules of starch (fig. 
8). The occurrence throughout the leaf of 
these unusually small granules is inter- 
esting. They are found in cells of the 
phloem, pith, cortex, and mesophyll. 
Their prominence in cortical parenchyma 
suggests that they may have something 
to do with the pulvinus movement. 

The epidermis is made up of small reg- 
ular cells and epidermal hairs which are 
prominent on the stipules. The surface of 
both sides of the pulvini, especially the 
apical one, which has the larger arc of 
movement, is very wrinkled; otherwise 
the leaf surfaces are smooth. 

The mesophyll of the blade shows 
three layers of palisade cells on the 
adaxial side and an equally thick layer of 
spongy tissue on the abaxial side. The 
cells of the palisade mesophyll are very 
small, contain many plastids, and are 
three times longer than their diameter. 
With the exception of the innermost 
layer, the intercellular spaces in the 
palisade mesophyll are small. More or 
less spherical, small, lysigenous cavities 
which are filled with mucilage are very 
common in this layer. These cavities fre- 
quently break through the upper epi- 
dermis and exude their mucilage. 

The cells of the spongy mesophyll are 
small and abut end to end to form soli- 
tary strands extending from the lower 


epidermis to the palisade parenchyma. 
There is considerable intercellular space. 

The upper epidermis is very different 
from the lower. The upper has cells which 
are large, clear, and relatively thin 
walled. It is covered with cutin and is 
unbroken except for the already men- 
tioned lysigenous cavities. The lower epi- 
dermis is made up of cells which are ex- 
tremely small, filled with a substance 
that stains heavily, and are fairly thick 
walled. Numerous very small stomata are 
irregularly scattered over the lower epi- 
dermis. Both the guard cells and the 
stomata are extremely small. 

Persistence of the leaves depends on 
the sun or shade environment and on the 
characteristics of the individual tree. 
Where a tree appears normal, the leaves 
may remain for three or four flushes. An 
abscission layer is formed at the base of 
the basal pulvinus, and the leaf is still 
green when it falls. 

ANATOMY OF FLOWERING CUSHION.- 
The very cauliflorous flowering cushion 
is derived from the solitary axillary bud 
of a leaf. The vascular tissues form a 
cylinder. Lysigenous cavities are much 
rarer than in vegetative shoots, but many 
of the cells of the pith, cortex, and rays 
are filled with a heavily staining muci- 
lage. 

The basal portion of the cushion is so 
twisted that considerable tissue which 
would ordinarily be sloughed off is 
trapped and held. This provides a refuge 
for some types of insects as well as ex- 
plaining, in part, the weaknessof the 
cushion. 

Cook (2) stated that the branches are 
so rudimentary that the terminal joints 
with two pedicels are practically sessile. 
He was thus unable to determine the 
branching arrangement. This is partly 
true, but anatomical examination shows 
that the vascular traces are dichotomous- 
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ly branched. Only one of the next to the 
last internodes elongates. This terminal 
internode produces two pedicels, one of 
which matures much faster than the 
other. Thus it appears as though the less 
mature floret is a branch of the other. 
The nonelongated internode also appears 
as a branch. 

Where the terminal internode joins the 
pedicels, two, opposite, small, stipule- 
like appendages are formed. The abscis- 
sion layer is located just distal to these. 
This layer functions if the flower is not 
fertilized but not if a cherelle is formed. 


Summary 


1. Some of the outstanding morpho- 
logical features of Theobroma cacao are 
its chupon and orqueta formation, the 
basal and apical pulvini in petioles, and 
the flowering cushion. 

2. The xylem of the primary root is 
hexarch, while that of the lateral roots is 
tetrarch. 

3. Mucilaginous strands occur in all 


root tips, and mucilage-filled cells are 
common throughout the root system. 

4. Chupon and fan woods are anatom- 
ically similar. 

5. Elongated, mucilage-filled, — ly- 
sigenous cavities occur in the pith 
throughout the shoot system, while 
shorter ones are very numerous in the 
cortex. 

6. The chupon terminates in a five- 
branched orqueta. Anatomical examina- 
tion shows a lack of internodal elongation 
between the nodes of these five branches. 

7. There is only one bud to a leaf axil. 

8. Spherical lysigenous cavities are 
common in the palisade layer of the leaf 
blade. The upper and lower epidermis 
are strikingly different. Stomata occur 
only in the lower epidermis, and the 
guard cells are very small. 

9. A flowering cushion is derived from 
a solitary axillary bud. 
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TAXONOMIC RELATIONSHIPS AND BREEDING POSSIBILITIES 
OF SPECIES OF ABELMOSCHUS RELATED TO 
OKRA (A. ESCULENTUS) 


B. P. PAL, H. B. SINGH, AND VISHNU SWARUP 


Introduction 


It is well known that some genera of 
Malvaceae yield important economic 
products. One of these genera, Hibiscus 
contains some fiber plants like kenaf 
(Hibiscus cannabinus) and. roselle (H. 
sabdariffa). Another species, popularly 
known as Hibiscus esculentus, is the okra 
or bhendi plant, whose young fruits are 
used as a vegetable and whose seeds are 
the source of an oil. In this paper certain 
aspects of work on okra, or bhendi, and 
related species have been described. 

The genus Hibiscus, which contains a 
large assemblage of plants showing con- 
siderable variation, was established by 
Linnaeus in 1737. Exactly a half-cen- 
tury later Mepikus (10) proposed the 
generic name A belmoschus for a group of 
species previously described under H7- 
biscus. Some of the later workers—for 
example, MASTERS (9)—recognized A bel- 
moschus as only a section of the genus 
Hibiscus. The species of this section were 
characterized by a spathaceous, cir- 
cumscissile, and deciduous calyx. ScHU- 
MANN (13) recognized the genus A bel- 
moschus of Meprkus (fibisct Sect. 


Commonly used name 
Hibiscus abelmoschus Linn. 
H. angulosus Mast...... 
H. cancellatus Roxb.... 

H. esculentus Linn.. 


H. manihot Linn. 

H. pungens Roxb... 

H. tetraphyllus Roxb... 
H. rugosus Mast... .. 


Manihot et Abelmoschus DC. ex parte) 
on the basis of the deciduous nature of 
the calyx, the genus Hibiscus having a 
persistent calyx. HOCHREUTINER (7), in 
revising the genus Hibiscus, however, 
suggested that the genus A belmoschus of 
MeEpikus might well remain as a section 
of the genus Hibiscus. This view was also 
held by several others, especially by the 
authors of Indian floras. CooKE (3), 
PRAIN (12), Durure (4), GAMBLE (5), 
and Haines (6) recognized the charac- 
ters separating the species of one group 
from another in their keys to the species, 
although they did not particularly use 
the various sectional names. As a result 
the common okra, or bhendi, which be- 
longs to the Abelmeschus section, is 
widely known in India and elsewhere as 
Hibiscus esculentus L. In a later work 
HOCHREUTINER (8), after a critical study 
of the relative limitations of these sec- 
tions, declared—thus changing his own 
previous view—that the species con- 
tained within the Abelmoschus group are 
sufficiently distinct to justify being con- 
sidered as a separate genus, A belmoschus. 
In fact, he reinstated the genus Abel- 


Correct name 

_Abelmoschus moschatus Medik. 
1. angulosus Wt. & Arn. 
1. cancellatus Wall. 

: 1. esculentus (L.) Moench. 

H. ficulneus Linn.. A. ficulneus {(L.) Wt. & Arn. 
1. manthot (L.) Medik. 
A. manihot (L.) Medik. var. pungens (Roxb.) Hochr. 
1. manihot (L.) Medik. 
1. rugosus Wt. & Arn. 
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moschus of Merpikus, stating that in 
this genus the calyx, corolla, and stamens 
are fused together at the base and fall as 
one piece after anthesis. In this paper we 
have followed the recent view of Hocu- 
REUTINER and considered Abelmoschus 
(Hibiscus pro parte) as a genus. The com- 
mon Indian species hitherto known un- 
der Hibiscus have, therefore, the changed 
names as shown above. 

It will be seen from the above list that 
the name of the common okra, or bhendi, 
is now changed to A belmoschus esculentus 
(L.) Moench. 

PREVIOUS WORK ON SPECIES OF ABEL- 
mMoscuus.—In the following review, irre- 
spective of the nomenclatural changes in- 
dicated above, the names used by the au- 
thors of the various publications have 
been retained for convenience. 

Besides the foregoing references, other 
workers (1, 11, 15) have also made obser- 
vations on the taxonomy of species like 
H. manthot, H. esculentus, H. ficulneus, 
H. abelmoschus, and H. hispidissimus. 
Unfortunately, only brief abstracts of 
these papers were available for reference. 
Some information is also available re- 
garding the crossing behavior of a few 
species. TESHIMA (16) observed that H. 
esculentus and H. manihot crossed only 
when the former was used as the female 
parent. CH1zAkt (2) and Ustinova (17, 
18) also studied this cross and reported 
that the F; hybrids were partially fertile. 
Crosses between H. esculentus, H. abel- 
moschus, and H. manthot were studied by 
SKOVSTED (15). In the cross H. abel- 
moschus X H.manihot empty seeds were 
obtained, whereas in the reciprocal cross 
seedless capsules were formed. With H. 
esculentus as female parent both H. abel- 
moschus and H. manihot produced viable 
seeds, whereasin one of the reciprocal com- 
binations, H. abelmoschus X H. esculen- 
ius, only empty seeds were obtained. No 
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information is given, however, as regards 
the fertility of the F; hybrids raised from 
viable seeds wherever obtained. SINGH 
et al. (14) recorded a cross between H. 
esculentus and H. ficulneus which formed 
viable seeds producing sterile F’, hybrids. 


Material and methods 


During plant exploration work within 
the country under a scheme for the intro- 
duction of new economic plants (financed 
by the Indian Council of Agricultural 
Research) several wild species were col- 
lected: A. ficulneus from East Punjab, 
Madhya Bharat, Madhya Pradesh, and 
the State of Madras; A. manihot from 
Bengal, Baroda, Saharanpur (U.P.), and 
Jubbulpur (M.P.); A. manihot var. 
pungens from Dehra Dun; and A. tuber- 
culatus sp. nov., described later in this 
paper, from Saharanpur, Ajmer, and 
Indore. The cultivated species A. esculen- 
tus was also included. 

Plants were grown both in the hot 
weather (April sowing) and in the rainy 
season (July sowing). Seeds of the wild 
species were scarified before sowing to 
promote quick germination. Rows were 
sown 23 feet apart, the plants in the row 
being spaced 1 foot apart. In making 
crosses, emasculation was done on the 
previous evening or in the morning before 
the flowers opened. The anthers only 
were removed without disturbing the 


staminal column. Empty seeds were dif-. 


ferentiated from well-filled seeds by im- 
mersion in water, the empty seeds then 
floating. 


Experimentation and resu!ts 


DESCRIPTION AND CLASSIFICATION OF 
VARIOUS SPECIES ON THEIR MORPHO- 
LOGICAL CHARACTERS AND CROSSING 
BEHAVIOR 


MoRPHOLOGICAL CHARACTERS.—Gen- 
eral descriptions of the species under 
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study, except A. tuberculatus sp. nov., 
were found to tally with those given in 
the Indian floras of the authors referred 
to earlier. A full description of the new 
species is given later. The characters of 
the pollen grain, which have not been 
given enough attention by previous 
workers, were found to be of interest. An 
account of these characters along with 


TABL 


Roxburgh). In the case of A. manihot the 
varieties from Uttar Pradesh and Ma- 
dhya Pradesh were early, with lower 
branches rather spreading, and those 


from Bengal and Baroda were compara- 
tively late with ascending lower branches. 

On the basis of morphological char- 
acters, therefore, it apparently is appro- 
priate to group this material together, 


E 1 


POLLEN GRAIN* AND SEED CHARACTERS IN ABELMOSCHUS SPECIES 


Character A. esculentus 


Pollen Grains: 


A. manihot 


A. tuberculatus | . A. manihot A. ficulneus 


var. pungens 


Diameter (x) kt ees 162.4 153.9 145.3 112.2 
Length of spine (u)..| 15.1 ae 22.8 21.9 19.4 
No. of spines on mar | 
gin 25.5 28.9 17.0 14.9 14.7 
Shape of apex of 
spines Blunt and Rather acute, | Long, acute Long and Obtuse, inter- 
long; or sometimes with broad sharply mediate be- 
short or branched base acute tween A. es- 
cone-shaped culentus and 
A. manihot 
Seed: 
Shape Round Round Kidney-shaped| Round Round 
Diameter (mm.) 4.52 3.41 L=3.567 KB 2.97 
B=2.83 
Surface Hairy or Hairy or Smooth, Hairy, striated) Smooth or 
smooth, smooth, striated hairy, 
striated striated striated 
Hilum Hairy or Glabrous Glabrous Hairy or Hairy or 


glabrous 


glabrous glabrous 


* Quantitative values given are averages of ten measurements. 


+ L, length; B, breadth. 


those of the seed is given in table 1. Vari- 
ous types of spines on the pollen grains 
are shown in figures 1-5. 

The varieties of A. ficulneus and A. 
manihot collected from the sources re- 
ferred to in this paper differed mainly in 
their period of flowering and fruiting and 
also in their growth habit. The varieties 
of A. ficulneus collected from East Pun- 
jab and Madhya Bharat were early and 
tall with semi-erect lower branches, 
whereas those from Madras and Madhya 
Pradesh were late and dwarf with spread- 
ing lower branches (H. prostrata sensu 


and the various species can be recognized 
as separate taxonomic units. 

CROSSING BEHAVIOR. 
attempted in various combinations. The 
results of crossing and the nature of the 
I’, hybrids are described in table 2. From 
these data it can be seen that A. ficulneus 
does not cross with any of the other 
tested species. The latter four species, 
however, readily cross among them- 
selves, producing normal viable seeds. 
This suggests that A. ficulneus is not 
closely related to them. On the basis of 
the percentage of normal seeds per cap- 


Crosses were 
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sule from crosses, it appears that A. 
tuberculatus is more closely related to A. 
esculentus, while A. manthot follows A. 
tuberculatus. A. manihot var. pungens 
rightly seems to be a variety of A. mani- 


hot as adopted by HOCHREUTINER (8). It 
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Fics. 1-5.—Spines of pollen grains of Abel- 
moschus species. Camera lucida drawings, 294. 
Fig. 1, A. esculentus; fig. 2, A. tuberculatus; fig. 3, 
A, manihot var. pungens; fig. 4, A. manihot; fig. 5 


’ 
A. ficulneus. 


is, however, interesting that in this case 
also the F, hybrids are sterile. The steril- 
ity of the F; hybrids of the crosses stud- 
ied supports the conclusion, drawn on the 
basis of morphological characters, that 
these plants represent distinct taxonomic 
units. 

A. TUBERCULATUS.—-We also conclude 
that there is ample justification for the 
recognition of the new species A. tuber- 
culatus. This material was identified as 
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Hibiscus esculentus L. at the Indian Bo- 
tanic Garden, Calcutta. Authorities at 
the Kew Botanic Gardens, to whom a 
referal was also made, consider that the 
crossing behavior indicates that the mor- 
phological differences have more than a 
varietal significance, and, as such, a spe- 
cific rank for A. tuberculatus is perhaps 
justifiable. 

A. tuberculatus resembles A. esculentus 
in several vegetative and reproductive 
characters. It is, however, conspicuous in 
having a tall habit, short internodes, 
rather small flowers, and profuse fruiting 
(fig. 6). The fruits have bristly hairs aris- 
ing from tubercular bases (fig. 7). The 
spot at the base of the petal is not uni- 
formly purple as it is in A. esculentus. 
The stigma is scarlet, whereas it is purple 
in A. esculentus. A Latin diagnosis and a 
full description of the new species is 
given below: 


Abelmoschus tuberculatus Pal et Singh sp. nov. 


(Malvaceae) 
Accedit ad A. esculentum Moench. multis in 
partibus, a quo tamen differt sequentibus 


notis: pollinis grana ornata sunt spinis tum 
simplicibus tum  ramosis, fructuum 
prominenter tuberculatae sunt, atque petala 
sunt maculate purpurea ad basim; in A. esculen- 
fo spinae sunt tantum simplices, fructuum facies 
sunt leves absque tuberculis, atque petala uni- 
formiter, haud maculate, purpurea ad basim. 


facies 


Annual herbaceous shrub 0.5-1 m. 
high in the wild state and 1.5-1.75 m. 
under cultivation. Stem terete, strigose, 
green with light-purple irregular patches; 
internodes short; branches ascending. 
Leaves alternate, petiolate; petiole 12.5- 
15.5 cm. long, strigose, upper surface 
purplish; stipules linear, about 8 mm. 
long, lower and middle leaves palmati- 
partite, lamina broadly cordate, 5-7- 
lobed, 10-12 cm. long and 16-18 cm. 
broad, lobes broadly ovate with 2-3 
lobules in each, central lobe about 7 cm. 
long and as broad, primary veins 6-7 
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uniformly diverging from the tip of the 
petiole, apices of lobes obtuse, margin 
crenulate, base deeply rounded, both 
surfaces hispid, upper surface more his- 
pid than the lower. Upper leaves pal- 
matisect, 3-5-lobed, lamina broadly 
ovate, about 6.5 cm. long and 8.5 cm. 
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Petals 5, free, regular, obovate, generally 
yellow, sometimes white, with a basal 
rhomboidal purple eye. The eye contains 
an irregular lower half which is white. 
Staminal column creamy white; anthers 
reniform, yellow or white; filaments up to 
1 mm. long; pollen grains with both 





TABLE 2 


FRUIT-SETTING AND SEED DEVELOPMENT IN VARIOUS CROSSES AND FERTILITY 
OF RESULTING HYBRIDS 


Av.NO. OF 


Cross 


* Not available. 


broad, lobes broadly lanceolate, central 
lobe about 8 cm. long and 2 cm. broad, 
primary veins 3-5, apex acute, margin 
denticulate, both surfaces distinctly his- 
pid, base truncate. /nflorescence a raceme, 
30-40 cm. long; flowers about 3.6 cm. in 
diameter. Epicalyx of 9-12 subequal 
bracteoles; bracteole 1 cm. long, linear, 
hairy, caducous. Sepals 5, spathaceous, 
circumscissile, splitting down to one 
side when the flower opens and falling off 
as one piece after anthesis; calyx tube 
2.5 cm. long and 1.2 cm. in diameter. 


APPARENT 


PERCENTAGI 


PERCENT OF VIABLE 
| LY NOR- ; j 
AGE OF NORMAL FERTILITY OF F; HYBRIDS 
MAL SEEDS 
FRUIT-SET | SEEDS PER 
| PER 
Female parent Male parent | CAPSULE iiaiciis 
A. ficulneus A, manihot 85.7 0 0 | None obtained 
A. esculentus 85.7 3 0 None obtained 
A. manthot var. 66.7 0 0 | None obtained 
pungens 
A. manthot A. ficulneus 64.3 0 0 | None obtained 
A.esculentus | 80.0 | 34.0 47.4 | Fruits seedless or with empty seeds 
A. manihot var.| 40.0 2 43.3 | Fruits seedless or with empty seeds 
pungens | 
A. tuberculatus ke ee 81.2 | Fruits seedless or with empty seeds 
A. manihot var. A, manihot 33.3 53 73.6 | Fruits seedless or with empty seeds 
pungens | 
| 
A. esculentus A. manihot - | 100.0 | Fruits seedless or with empty seeds 
A. tuberculatus . 89 100.0 | Fruits seedless or with empty seeds 
A. ficulneus ° 0 0 | None obtained 
1. tuberculatus A. manihot 4.9 35 88.1 Fruits seedless or with empty seeds 
A, esculentus Se 34 97.2 | Fruits seedless or with empty seeds 


branched and nonbranched _ spinules. 
Carpels 5, united; stigma scarlet, 5- 
lobed, lobes minutely velvety, diverging 
after the opening of the flower. Ovary 
ovoid, 8 mm. in diameter, hairy all over; 
style glabrous. Fruit capsular, 5—7.5 cm. 
long and 2 cm. broad, narrowly oblong 
with tapering, rather blunt apex; surface 
studded with a large number of tubercu- 
lar bases from which stiff, bristly, green- 
ish-white hairs originate; number of 
ridges on the fruit uniformly 5; dehiscing 
from top downward. Seeds round, black, 
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with numerous white concentric stria- 
tions all over the surface, glabrous or 
rarely hairy; about 3 mm. in diameter, 
hilum roundish, dark brown or black, 
glabrous. 

Distributicn: India: Uttar Pradesh; 
Saharanpur, October, 1946, H. B. SIncH 
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various vegetative and _ reproductive 


characters of the species involved in the 
crosses. Some of the salient points com- 
mon to all the crosses, however, are 
given: (a) the hybrid plants showed 
strong heterosis in growth and fruiting. 
They were also early 


in flowering. (6) 





Fics. 6-7. 
hairs arising from tubercular bases. 


950 (Typus in Herb. Ind. Agric. Res. In- 
stitute, New Delhi; co-typus in Herb. 
Dehra Dun, et in Herb. Kew), Lakhaoti 
near Bulandshahr, October, 1947, Burm 
CHAND (s.n.); Ajmer Merwara, Ajmer, 
October, 1950, H. B. Sincu 1325; 
Madhya Bharat, Indore, February, 1951, 
H. B. SIncH 1355. 


THE F, HYBRIDS 


It is not proposed to present here a de- 
tailed account of the inheritance of the 


A. tuberculatus. Fig. 6, plant showing fruits; fig. 7, part of branch showing fruits with bristly 


Fertility of the pollen grains varied from 
40 to 95% in different crosses, the high- 
est being in the cross A. esculentus X A. 
manihot. In the cross A. esculentus X A. 
tuberculatus, it was 35-45%. The fertile 
pollen grains were of two or three sizes. 
Fertility was greater in the rainy season 
than in the hot weather. (c) In some 
fruits of the F, hybrids there was no seed 
formation at all; and, in others, some ap- 
parently normal seeds formed but proved 
to be empty (fig. 8c, d). Ovules began to 
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Fics. 8-13.—Fig. 8, fruits and seeds of parent species and F; hybrids: a, fruit of A. esculentus; e, of A. 
tuberculatus; b, of F, of A. esculentus X A. tuberculatus; c, longisection of fruit of same hybrid showing de- 
velopment of seeds; d, longisection of another fruit, totally seedless, of same hybrid; f, whole seeds, and g, 


transversely cut seeds, of F; hybrid of same cross (seeds appear normal but are empty); f, fruit of A. manithot; 
h, whole fruit, and 7, longitudinally cut fruit, of F; of A. esculentus X A. manihot; k, whole seeds, and I, longi- 
tudinally cut seeds, of same hybrid (seeds are empty); m, whole seeds, and n, transversely cut seeds, of 
A, tuberculatus showing norma] development. Fig. 9, longisection of well-developed fruit of A. esculentus 
showing normal seed formation. Fig. 10, longisection of- fruit of A. esculentus 72 hours after pollination 
showing normal development of ovules. Fig. 11, longisection of developing fruits of A. esculentus X A. mani- 
hot showing various stages of development of ovules after pollination. Fourth from left is fruit 72 hours after 
pollination showing shriveling of ovules. Ultimately only a few apparently norma] seeds are formed. Fig. 12, 
pollen of A. manihot showing typical spiny pollen grains of species of Abelmoschus. Fig. 13, a, fruiting branch 
Fi hybrid of A. esculentus X A. tuberculatus showing profuse bearing; }, fruiting branch of A. tuberculatus. 
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shrivel about 72 hours after pollination 
(figs. 9-11). It was noticed that fruit de- 
velopment takes place in F; plants even 
in the absence of effective fertilization. 
Flowers which were emasculated but left 
unpollinated failed to develop into fruits. 
(d) Back-crossing to the respective par- 
ents and crossing of various F, hybrids 
among themselves and with other species 
failed to produce any viable seeds. 

While studying the various interspe- 
cific crosses, it was observed that in the 
cross H. ficulneus X H. esculentus re- 
ported by SinGH et al. (14) there has 
clearly been an error in the identification 
of the wild species used as one of the 
parents. The description of the F; hybrid 
given by those authors agrees with that 
of the F, of A. esculentus X A. manihot. 
The wild species used by these authors 
was therefore evidently not H. ficulneus 
but A. manthot (H. tetraphyllus). A mani- 
hot has four bracteoles and yellow corolla 
with purple stigma; this agrees with the 
description of SINGH et al. 


UTILIZATION OF THE WILD SPECIES AND 
OF THEIR HYBRIDS WITH THE CUL- 
TIVATED SPECIES 


The wild species as such have not been ° 


found to be of any commercial impor- 
tance for vegetable purposes. However, 
they possess certain useful characters 
which may be worth introducing into the 
cultivated species. The wild species, ex- 
cept A. tuberculatus, continue to flower 
and fruit at a time of year when it is dif- 
ficult to grow the cultivated species. A. 
tuberculatus is almost immune to the at- 
tack of fruit borer (Earias insulana)' and 
also to the mosaic disease to which the 
common bhendi is susceptible. Two char- 
acters of this species, stiff hairs and thick 


1 Tdentification was kindly made by the Head of 
the Division of Entomology, Indian Agricultural 
Research Institute, New Delhi. 


pericarp of the fruits, are very character- 
istic and might be partially or wholly re- 
sponsible for resistance to borers. 
Analyses were made for vitamin con- 
tent of the fruits of four wild species. 
Some of the species were found to have 
a vitamin C content as high, and in some 
cases even higher, than the cultivated 
species (table 3). The wild species also 


TABLE 3 
VITAMIN C CONTENT OF VARIOUS 
SPECIES OF ABELMOSCHUS 
(CROP SEASON OF 1948) 


| Vitamin ©. 


| 
. . > | mg/100 gm 
Species Source : s 


| of fresh 
| sample 
Abelmoschus  escu- | 
ae | Delhi | 2:3 
A. esculentus......| Faizabad, U.P. | 17.3 
A. ficulneus.......| Karnal, E. Punjab} 38.0 
A. ficulneus. . | Guntur, Madras 12.0 
A, manihot.......| Saharanpur, U.P. (eS 
A, tuberculatus.....| Saharanpur, U.P. 25.0 








did not show any positive reactions for 
alkaloids by Mayer’s, picric acid, or 
Kraut’s reagent.* This information is 
helpful because it indicates that through 
crossing with the wild species there is no 
reason to anticipate deterioration in 
quality with respect to vitamin C con- 
tent. 

For the present the total sterility of 
the F, hybrids has caused a setback of the 
execution of the intended program of 
breeding. There was the possibility of 
utilizing the sterile I’; hybrids as such, as 
new seedless varieties. The hybrids of A. 
esculentus with A. tuberculatus would 
have been promising for this purpose, in 
view of its resistance to fruit borers and 

2 Analyses were kindly made by the Head of the 
Division of Chemistry, Indian Agricultural Re- 
search Institute, New Delhi. 

3 Tests made by the Head of the Division of 
Chemistry, Indian Agricultural Research Institute, 
New Delhi. 
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also because of its heavy bearing (fig. 
13), except that the objectionable bristly 
hairs on the fruits, which do not soften, 
even after cooking, make such fruits un- 
attractive for culinary purposes. 


Summary 


1. Five species of Abelmoschus—A. 
esculentus (Linn.) Moench. (the culti- 
vated species), A. ficulneus (L.) W. & A., 
A. manihot (L.) Medik., A. manihot (L.) 
Medik. var. pungens (Roxb.) Hochr., and 
A. tuberculatus—have been studied mor- 
phologically and in interspecific hybridi- 
zation. These studies have confirmed the 
view that these species constitute a dis- 
tinct taxonomic unit. 

2. Results show that A. tuberculatus 
sp. nov. is more nearly related to A. 
esculentus than any other species, and 
A. manthot follows it. A. manihot var. 
pungens rightly appears to be a variety of 
A. manihot as adopted by HocuRevtI- 
NER. A. ficulneus is, however, only dis- 
tantly related. Whereas the other four 
species readily crossed with each other 
and formed normal viable seeds, crosses 
with A. ficulneus resulted in only shriv- 
eled or empty seeds. 


3. The various F hybrids studied were 
sterile; fruits were formed which were, 
however, either seedless or developed 
only a few empty seeds. 

4. Backcrosses and crossing of the hy- 
brids in various combinations failed to 
produce viable seeds. 

5. Some useful characters of the wild 
species have been indicated. 

6. Anew species, A. tuberculatus Pal et 
Singh, is described. 


We are grateful to Dr. N. PArtTHA- 
SARATHY and Dr. D. CHATTERJEE of the 
Division of Botany for reading the manu- 
script and making several useful sugges- 
tions. We also acknowledge oyr deep in- 
debtedness to Professor EDGAR ANDER- 
son of the Missouri Botanical Garden, 
with whom the question of the taxonomic 
position of the new species was discussed 
during his recent visit to India. We are 
further very grateful to Rev. H. SANTA- 
PAU of St. Xavier’s College, Bombay, for 
helpful suggestions regarding the nomen- 
clature of this group of species and for 
the Latin diagnosis of the new species. 
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ON THE STRUCTURE OF FLORAL NECTARIES 


ABRAHAM FAHN 


Introduction 

Nectar-secreting organs of plants vary 
in their structure and topography as well 
as in the mode of secretion. The biology 
of nectaries has been widely studied 
during the nineteenth and the beginning 
of the twentieth century. The earlier 
workers on this subject concerned them- 
selves chiefly with the morphology of 
nectaries. Anatomical investigation was 
first done by Caspary (4), who showed 
that nectar is produced by a special 
tissue and not by vascular bundles as 
had previously been thought. In 1879 an 
important paper by BEHRENS (1) ap- 
peared in which not only detailed anato- 
my of the nectaries was recorded but 
nectaries were classified into a number of 
distinct types according to the mode of 
secretion. A different classification of 
nectaries, this one according to their 
localization in the different parts of the 
flower, was established by BONNIER (2). 
The present author has shown in a previ- 
ous paper (14) that the amount of nectar 
secreted is correlated with the volume of 
the nectariferous tissue. 

Other important contributions to our 
knowledge of the morphology and anato- 
my of nectaries were made by KNUTH 


(15), Cook (5), SCHNIEWIND-THIEs (18), 
and DAUMANN (6-13). 

The author believes that knowledge on 
the anatomy of nectaries is rather scant 
and that additional data are needed for 
greater insight on the subject. This paper 
is the result of anatomical examinations 
of floral nectaries in a large number of 
plant species which, as far as is known, 
have not been previously investigated. 
Anatomical descriptions of representa- 
tives of the~ main morphologico-topo- 
graphical types, as established by Bon- 
NIER (2) and somewhat modified by the 
author, are given. 


Material and methods 


I;xaminations of a hundred and eighty 
plant species belonging to fifty families 
were made; most of the species are native 
to or cultivated in Palestine. Only a few 
of these are described. 

After examination of the gross mor- 
phology freehand sections of the nectarif- 
erous tissue of fresh flowers were pre- 
pared for microscopic observation. The 
cuticle was stained by Sudan III, and the 
nectar-bearing cells identified by Feh- 
ling’s solution (2). Some microtome sec- 
tions of fixed material were also used. 
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Observations 
TORUS TYPE 


MARGINAL NECTARIES (CAPPARIS SI- 
cuLA DuHAM.).—The outer surface of 
the nectary is triangular in shape, the 
upper angle of the triangle facing the 
stamens, while its base touches the base 
of the larger boat-shaped sepal in which 
nectar accumulates abundantly. Ad- 
jacent to the other sides of the triangle 
are the posterior petals. Their lower 
margins are somewhat thickened and 
revolute, leaving only a narrow slit be- 
tween them. Above the edges of the 
petals overlap (fig. 1). 

In order to suck nectar from the boat- 
shaped sepal, the insect separates the two 
petals with its feet and inserts its pro- 
boscis down the slit between the two 
thickened margins of the petals. A 
median section of the flower (fig. 2) 
shows the nectariferous tissue penetrat- 
ing deeply into the receptacle. The epi- 
dermis is covered by a thin cuticle and 
contains numerous ellipsoid stomata 
(fig. 3), through which the nectar is 
secreted. 

DIscOID NECTARIES (CISTUS VILLOSUS 
L.).-This plant, usually regarded solely 
as a pollen plant, is frequently visited by 
bees for its nectar. The receptacle next 
to the ovary is swollen around the bases 
of the stamens of the inner whorl and is 
transformed into tissue of the nectary 
(fig. 4). The epidermis contains stomata 
but lacks a cuticle. The mode of nectar 
secretion was not studied. 

(Cirrus Limon [L.] BurMANN.).—In 
the citrus family the nectary forms a ring 
round the base of the ovary (fig. 5). A 
transverse section of the nectary (fig. 6) 
shows an epidermis built of small, 
cubical, thick-walled cells with a thin 
cuticle. At the top of raised areas orbicu- 
lar stomata with large openings (fig. 7) 


open into deep air chambers. The cells 
beneath the epidermis are small and 
crowded together. All nectary cells, in- 
cluding the epidermis, contain colorless 
granules. Occasionally crystals are found 
in this tissue as well as in other parts of 
the plant. After the nectary disk has been 
dried, small drops of nectar secreted 
through the open stomata can easily be 
observed with a lens. 

TUBULAR NECTARIES (BAUHINIA PUR- 
PuREA L.).—In this plant the nectary 
tissue surrounds the inner surface of the 
spur which is sunken in the pedicel. The 
gynophore is attached to the wall of the 
spur (fig. 8). A transverse section of the 
pedicel (fig. 9) shows two whorls of 
vascular bundles and in the center the 
larger bundle of the gynophore. Near the 
latter the cavity of the spur is seen, sur- 
rounded by small, more or less trans- 
parent, epidermal, thin-walled cells with- 
out stomata. Inside the epidermis the 
nectariferous tissue is built up of small 
cells with yellow, granular contents. This 
tissue is completely lacking next to the 
gynophore. The nectar passes by dif- 
fusion through the thin cell walls and 
accumulates in the spur. 


PERIGONIAL TYPE 


GARIDELLA UNGUICULARIS LAM.—In 
this plant the nectary is located in the 
knee of the petals where the blade passes 
into the claw (fig. 10). This knee forms a 
kind of spur, the opening of which is 
closed by a lid attached to the claw (fig. 
11), into which nectar is secreted. 
Clusters of unicellular hairs near the 
margin of the lid almost completely 
close the opening of the spur. The pro- 
boscis of the insect enters the spur be- 
tween these hairs. The tissue of the 
nectary consists of a few layers of small 
cells strikingly different from those ad- 
jacent. The outer wall of the epidermis is 































































































Fics. 1-7.—Figs. 1-3, Capparis sicula Duham. Fig. 1, general view of flower after sepal in which nectar 
accumulates has been detached; fig. 2, median section through receptacle in region of nectary; fig. 3, surface 
of nectary. Fig. 4, Cistus villosus L., flower after petals and stamens have been detached. Figs. 5-7, Citrus 


limon (L.) Burmann. Fig. 5, median longisection through flower; fig. 6, nectariferous tissue; fig. 7, surface 
of nectary. 
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Fics. 8-13.—Figs. 8, 9, Bauhinia purpurea L. Fig. 8, median longisection through flower; fig. 9, trans 
verse section through receptacle. Figs. 10-13, Garidella unguicularis Lam. Fig. 10, general view of petal 
fig. 11, median longisection through whole petal; fig. 12, median longisection in region of nectary; fig. 13 
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thickened in the form of a low cap and 
covered with a cuticle. The content of the 
epidermal cells does not differ from that 
of other cells of the nectary (fig. 13). The 





Fics. 14-23. 
stamen; fig. 15, transverse section of filament in region of nectary; fig. 16, surface of nectary. Figs. 17, 18, 
cross sections of ovaries. Fig. 17, Muscari racemosum (L.) Lam, et DC.; fig. 18, Asphodeline lutea (L.) Rehb. 
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STAMEN TYPE 
CoLcHicuM RitcHi R. Br.—The nec- 
tariferous tissue in this species is found 
in the lower portions of the stamen, the 
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Figs. 14-16, Colchicum ritchii R. Br. Fig. 14, general view of perianth segment with its 


, nectary; C, outer canal. Figs. 19-21, schematic longisections of flowers with septal nectaries. Fig. 19, 
Muscari; fig. 20, Allium; fig. 21, Asphodeline. Figs. 22, 


22, 23, Bupleurum lancifolium Hornem. Fig. 22, nectarif- 


erous tissue; fig. 23, surface of nectary. 


cytoplasm of these cells is granular and 
yellow in color. Vascular bundles reach 
the nectary (fig. 12). At the time of 
secretion the outer walls of the epidermal 
cells swell, the cuticle disrupts, and the 
nectar is released. 


base of which adheres to the perianth 
segments. I'rom the outside the tissue 
appears as a yellow ring surrounding the 
basal parts of the stamens (fig. 14). On 
both sides of the filament a fold of the 
perianth is raised, and between these 
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the nectar is gathered. A transverse sec- 
tion of the nectariferous portion of the 
filament (fig. 15) shows transparent epi- 
dermal cells covering a layer of cells with 
dense granular contents and small inter- 
cellular spaces. In the center is a paren- 
chymatous tissue with large intercellular 
spaces. On the side of the filament facing 
the petal the tissue of the nectary is 
denser and darker in color (brownish 
yellow) than on the opposite side (bright 
yellow). There is no recognizable cuticle 
over the epidermis. In the region of the 
nectary there are large round stomata 
(fig. 16) through which the nectar is 
secreted. 
OVARIAL TYPE 


SEPTAL NECTARIES (ASPHODELUS MI- 
CROCARPUS VIv., ASPHODELINE LUTEA 
IL.| Rcus., Muscarr rRAcEMosum [L.] 
Lam. ET DC.).—-The nectaries in these 
species, as in many other members of the 
Liliaceae, are septal. In each of the three 
septa of the ovary there is a slit (figs. 17, 
18) surrounded by nectariferous tissue. 
Nectar diffuses from this tissue into the 
slit and fills it. In Asphodelus and 
Asphodeline the slits open at the top of 
the ovary, and the drops of nectar perco- 
late out. The nectar then flows into the 
area between the ovary and the broad 
bases of the filaments bent around the 
ovary and passes to the ovary base by 
capillarity (fig. 21). This capillary area is 
of great importance, since without it the 
nectar would be lost because of the hori- 
zontal or inclined position of the flower. 

The above differs from the structure of 
the septal nectary in Allium and Mus- 
cari, where each slit is accompanied by 
an open canal close to the surface of the 
ovary and is connected with it at the top 
of the ovary. The nectar passes through 
the canal and accumulates between the 
base of the ovary and the perianth 
(Muscari, fig. 19) or between the former 
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and the bases of filaments (Allium, fig. 
20). 

Thus there appears to be an obvious 
correlation between the shape and posi- 
tion of the filaments and the presence or 
the absence of special canals through 
which the nectar is poured out from the 
nectaries. In both types, Allium and 
Asphodelus, the direction of the nectar 
flow is the same—that is, the nectar 
flows from the septal slit at or near the 
top of the ovary and accumulates be- 
tween the ovary and the filament bases. 
In the Allium type, where the filaments 
are straight, the nectar is conducted by 
particular canals; in Asphodelus and 
Asphodeline, which have bent filaments, 
canals are lacking, and the nectar is 
carried in the capillary space between the 
ovary wall and the filaments. 


STYLAR TYPE 


BUPLEURUM LANCIFOLIUM HORNEM. 
The nectary of this plant, like that of all 
members of the Umbelliferae, occurs at 
the base of the style (stylopodium). In 
transverse section (fig. 22) the cells of the 
transparent epidermis are seen to possess 
thick walls and are covered by a strik- 
ingly furrowed cuticle (fig. 23). The 
nectar is secreted through small, narrow 
stomata. Beneath the epidermis there is 
a thick layer of closely packed, secreting 
cells with granular contents. These nec- 
tariferous cells are clearly differentiated 
from the parenchymatous cells in the 
layer below. 


Summary and conclusions 


1. Anatomical descriptions of nec- 
taries representing the following morpho- 


logico-topographical types are given. 


Torus type: (@) marginal nectaries (Cap- 
paris sicula Duham.), (b) discoid nec- 
taries (Cistus villosus L. and Citrus limon 
[L.] Burmann), (c) tubular nectaries 
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(Bauhinia purpurea L.). Perigonial type: 
Garidella unguicularis Lam. Stamen 
type: Colchicum ritchiti R. Br. Ovarial 
type: septal nectaries (Asphodelus micro- 
carpus Viv., Asphodeline lutea [L.] Rchb., 
Muscari racemosum [L.] Lam. et DC.). 
Stylar type: Bupleurum lancifolium Hor- 
nem. The examples were chosen from the 
total number examined: 180 species in 50 
different families. 

2. The structure of the nectariferous 
tissue is essentially similar in the nec- 
taries of all plants investigated. 

3. Different modes of secretion of 
nectar can be distinguished in the plants 
examined on the basis of the varying 
structure of the epidermis of the nectary: 

) Through swelling of the outer cell 
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wall and rupture of the cuticle—Garidella 
unguicularis Lam. (6) Through stomata 

-Capparis sicula Duham., Colchicum 
ritchit R. Br., Citrus limon (L.) Bur- 
mann. (c) By diffusion through thin cell 
walls—Bauhinia purpurea L. These 
types correspond to those already estab- 
lished by BEHRENS (1). 

4. Correlation was found to exist be- 
tween the structure of the nectary and 
the shape of the filaments in Asphodelus 
microcarpus Viv. and Asphodeline lutea 
(L.) Rchb. on one hand, and in Allium 
spp. and Muscari racemosum (L.) Lam. 
et DC., on the other. 
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DISTRIBUTION OF THE BITTER PRINCIPLE IN THE 
SHOOT OF HELENIUM TENUIFOLIUM! 


LORA MANGUM SHIELDS 


Introduction 


The different organs of Helenium tenui- 
folium Nutt. yield varying quantities of a 
colorless, crystalline bitter principle 
which gives an unpleasant taste to the 
milk of cows eating this species. Mature 
leaves and flowers contain the highest 
concentrations of this material, amount- 
ing to about 3% on a dry-weight basis 
(7). This water-soluble bitter principle 
has been identified as a mixture of tenu- 
lin and isotenulin, both of which have the 
empirical formula C,7H20; (2) and con- 
tain an a, B-unsaturated carbonyl group 
with one a- or one 8-substituent (7). In 
addition to an acetoxy] group (2), isoten- 
ulin contains a group, tentatively assigned 
a lactone structure, which consumes one 
mole of alkali and which gives a positive 
Legal test for unsaturated lactones (3). 
The latter reaction is also characteristic 
of purified tenulin. 

The present study was made to deter- 
mine the distribution of the bitter prin- 
ciple in leaves, flowers, and stems of 
H. tenuifolium. 


Material and methods 

The plant materials were collected 
during August, September, and October 
in several counties around State College, 
Mississippi. They were preserved in full- 
strength formalin or in a saturated solu- 
tion of picric acid, in both of which 
tenulin and its isomer are only slightly 
soluble. Microchemical tests were made 


1 The completion of this investigation was made 
possible by a grant from The Society of Sigma Xi. 


on transverse and paradermal freehand 
sections from young and mature leaves, 
flowers, and stems. 

A general test for the bitter principle 
is made by flooding freehand sections on 
a microslide with alkaline picric acid, 
which reacts with both tenulin and iso- 
tenulin to form an orange-red molecular 
complex (8). To make the Legal test for 
the unsaturated lactone group, freehand 
sections placed on a depression slide are 
covered with 1 ml. of 95% ethyl alcohol 
to dissolve the tenulin-isotenulin mix- 
ture. Three drops of 10% HCl and one 
drop of 0.5% aqueous sodium nitroprus- 
side are added to the resulting solution, 
which is then neutralized with 10% 
NaOH, allowing an interval of 2 minutes 
between successive drops. When the solu- 
tion is barely alkaline, aqueous sodium 
nitroprusside is added, one drop at each 
2-minute interval (6). The deep red color, 
which appears transiently upon the first 
addition of NaOH, intensifies and re- 
mains without fading as successive drops 
of sodium nitroprusside are added. Acidi- 
fication with 10% HCl at this point 
causes structures containing tenulin or 
isotenulin to assume a blue-green color. 


Observations 


LOCALIZATION OF BITTER PRINCIPLE.— 
The qualitative tests on freehand sec- 
tions indicate that tenulin and its isomer 
occur in traces in all tissues but appear in 
a concentrated form only in two types of 
trichomes. These ordinarily grow in 
groups of three in depressions distributed 
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at fairly regular intervals over both leaf 
surfaces at maturity, on all flower parts, 
and on unsuberized areas of the stem. 
Two slender, uniseriate hairs, each con- 
sisting of a row of four to eight isodia- 
metric cells, grow on opposite sides of a 
large, glandular trichome formed by a 
pyramid of stratified cells loosely sur- 
rounded by a distended cuticie (fig. 1). 
Staining reactions with Sudan III and 
safranin differentiate this cuticular dome 
from the cellulose walls of the inclosed 
cells. Color tests for the bitter principle 
within the locally inflated cuticle are es- 
pecially intense after flooding sections 
with 95% ethyl alcohol to dissolve the 
tenulin and isotenulin deposited in a solid 
form on the surface of the inclosed strati- 
fied cells and particularly thick at the end 
of the terminal cell. The color reaction is 
most instantaneous in terminal cells of 
the two lateral trichomes and on the 
outer face of the end cell of the large cen- 
tral trichome. 

Individual slender, uniseriate | tri- 
chomes appear sporadically on the unin- 
dented epidermis, but the trichome 
groups in mature parts grow only in sur- 
face depressions, and there are no depres- 
sions where such emergences are lacking. 
In the mature leaf the epidermal surface 
at the point of origin of such a group of 
hairs is depressed one-fourth to one-third 
the leaf thickness. The pits are oval and 
distinct, not forming grooves, and are 
separated from surrounding depressions 
by an average approximate distance of 
200 yw. Four or more of these pits, usually 
two above and two below, are visible in 
every transverse freehand section of the 
mature leaf. Palisade cells, which else- 
where constitute the upper and lower 
mesophyll layers, are lacking or weakly 
developed adjacent to the pits (fig. 1). 

Typical trichome groups appear on all 
flower parts except the stigma, which is 
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covered by a dense growth of slender, 
uniseriate hairs only. The distribution of 
trichome-bearing epidermal pits on the 
unsuberized portions of the stem corre- 
sponds closely to that on the leaf. Con- 
centration of the bitter principle in these 
specialized trichomes on the epidermal 
surfaces may account for the low yield of 
tenulin and its isomer by stems, in which 
the surface-volume ratio is relatively low 
compared with leaves and larger flower 
parts. No observations were made on 
sections from roots, which, like stems, 
yield relatively small amounts of tenulin 
and isotenulin. 

ONTOGENY OF LEAF TRICHOMES CON- 
TAINING THE BITTER PRINCIPLE.—The 
origin and growth of the trichome triad 
were traced in the developing leaf, where 
their pattern of ontogeny is essentially 
the same as in other plant parts. Each 
group of three trichomes originates in the 
leaf bud from three adjacent epidermal 
cells. The enlarged central trichome de- 
velops earliest, beginning with the divi- 
sion of a protruding epidermal cell on the 
unindented surface. Several successive 
divisions in the same plane produce a 
uniseriate, erect structure consisting of 
four to eight, wide, paradermally flat- 
tened cells (fig. 2B, C) with distinct, large 
nuclei and dense protoplasmic contents. 
Usually the outermost cells, and some- 
times all cells, divide once in a plane at 
right angles to the leaf length, resulting 
in a terminally or completely biseriate 
trichome. As the leaf matures, the cuticu- 
lar covering inclosing the glandular head 
thus formed becomes distended as a re- 
sult of the accumulation of tenulin, iso- 
tenulin, and water between the cuticle 
and epidermis. Nuclei and cytoplasm of 
the stratified cells are gradually obscured 
or replaced by an accumulation of the 
bitter principle, which is also deposited 
in a crystalline form on the outer walls. 
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Fics. 1, 2.—Helenium tenuifolium. Fig. 1, above, transverse sections of leaf showing depressions bearing 
trichome groups where bitter principle appears in concentrated form. Fig. 2, below, nucleated cells 
of trichomes approaching full size (B, C) on unindented surface of young leaf (B) which is less than one- 
eighth width of mature leaf where trichomes appear in epidermal depressions resulting from failure of pali 
sade development in adjacent mesophy!] (A). 
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Each of the two slender lateral tri- 
chomes originates by the paradermal di- 
vision of an epidermal cell on one side of 
the developing glandular hair. By several 
successive divisions a structure four to 
eight cells in length is formed. While the 
terminal cells especially give intense color 
tests for tenulin and isotenulin, nuclei 
and other protoplasmic contents, includ- 
ing plastids, remain distinguishable, and 
there is no excretion of the bitter prin- 
ciple leading to distension of the cuticle. 

The trichomes are of surface origin in 
the leaf primordium. Retardation of de- 
velopment in the mesophyll adjacent to 
the trichome groups results in the char- 
acteristic absence of palisade cells within 
the epidermis lining the surface depres- 
sions. The trichomes mature early in leaf 
ontogeny, some approaching full size 
even when the young blade has expanded 
to less than one-eighth its mature width 
(fig. 2A, B). 


Discussion 


Development similar to that of the 
large central trichome of H. tenuifolium 
occurs in the formation of oil glands of 
certain Compositae (1). Glandular tri- 
chomes of Orthosiphon stamineus Benth. 
secrete oil beneath the cuticle, which, as 
a result, becomes raised like a dome over 
the gland cells (5). In certain Labiatae 
secretion from a multicellular head ac- 
cumulating between the cuticle and the 
underlying cellulose wall leads to an in- 
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crease in cuticular surface sometimes as 
great as eightfold (9). The glandular tri- 
chomes of certain Indian halophytes re- 
semble those of H. tenuifolium in being 
sunken into pits or protected by hairs 
and usually consist of a stalk cell bearing 
a multicellular head (4). 


Summary 


1. Microchemical tests on freehand 
sections from the leaves, stems, and 
flowers of Helenium tenuifolium Nutt. 
show the bitter principle, a mixture of 
tenulin and isotenulin, to be present in 
traces in all tissues and in a concentrated 
form only in two types of trichomes 
which appear in groups of three in surface 
depressions on mature plant parts. 

2. Each group of three trichomes origi- 
nates from three adjacent epidermal cells 
on the unindented surface of the organ 
primordium. In the mature leaf the de- 
pressions result from a retardation of 
palisade development adjacent to the 
epidermal cells bearing the trichomes. 

3. Tenulin and isotenulin accumulate 
within the two slender lateral trichomes 
of each group and within and upon the 
outer wall surfaces of the large central 
trichome. The latter is formed by strati- 
fied cells loosely surrounded by a cuticle 
which becomes distended from the ac- 
cumulation of water and tenulins in the 
subcuticular space. 
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FREE AND ACID-HYDROLYZABLE AMINO ACIDS 
IN FOUR RANGE GRASSES 


GLENN S. RABIDEAU 


Introduction 

The amino acid composition of the 
King Ranch bluestem strain of Andro po- 
gon ischaemum L. at various stages of de- 
velopment has been studied by RABI- 
DEAU and Epwarps (6). Earlier Tsao ef 
al. (7) compared the phosphorus nutri- 
tion and nitrogen content of this strain of 
A. ischaemum L. with those of three other 
species: side-oats grama, Bouteloua curti- 
pendula (Michx.) Torr.; sand lovegrass, 
Eragrostis trichodes (Nutt.) Wood; and 
Indian grass, Sorghastrum nutans (L.) 
Nash. The results of this earlier study 
suggested the desirability of a compari- 
son of these four species with respect to 
their free and acid-hydrolyzable amino 
acids. 

Material and methods 

Plants were grown in the greenhouse 
in 1-gallon crocks of washed quartz sand 
during the fall and winter of 1950-51 by 
the method described by Tsao et al. (8). 
Each crock received 500 ml. of a modified 
Shive solution twice a week. This appli- 
cation of nutrient solution had been 
found in earlier experiments to provide 
an ample supply of minerals and to al- 
low growth comparable with that ob- 
tained under field conditions. 

Plants were harvested at regular inter- 
vals in the same manner as in earlier 
studies of RABIDEAU and Epwarps (6). 


The number per sample ranged from sev- 
eral hundred in the case of young seed- 
lings to a minimum of thirty in the case 
of older plants. Immediately after har- 
vesting the plants were divided into 
roots and shoots. These samples were 
dried for 24 hours in a forced-air oven at 
75°-85° C. The dried sample materials 
were then ground in a Wiley mill to pass 
a 60-mesh screen. Two types of amino 
acid determinations were made: (a) de- 
termination of free amino acids and the 
amides, glutamine and asparagine, and 
(6) determination of amino acids after 
acid hydrolysis. The procedure for ob- 
taining the extracts and making chro- 
matograms was that described by Ra- 
BIDEAU and Epwarps (6). As in this 
earlier work, DENT’s (2) visual method 
was employed for the estimation of 
amino acid concentrations using suitable 
standards prepared from pure amino 
acids. Ordinarily 5-ugm. samples were 
chromatographed, but special 10-, 25-, 
and 50-ugm. samples were employed to 
detect amino acids in low concentration. 


Results 


Distributions of both free amino acids 
and those derived from acid hydrolysis 
of duplicate samples of shoots of each 
of the species at progressive ages are 
shown in table 1. The figures are per- 
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centage values based on the dry weights 
of the samples. In all instances the 
amounts of free amino acids constitute 
but small fractions of the amounts of 
total amino acids detectable after acid 
hydrolysis. The amounts of individual 
free amino acids were frequently so small 
as to make their detection very difficult. 
Although the figures for free amino acids 
are not altogether consistent, probably in 
part because of the difficulty in detecting 
such small amounts of these amino acids, 
there does appear to be a general de- 
crease in the percentage of free amino 
acid present in the shoots as the age of 
the plants increases. Some differences 
among the species in free amino acid con- 
tent are apparent. Calculation shows 
that A. ischaemum and B. curtipendula 
generally had the highest free amino acid 
contents, followed by E. trichodes and 
S. nutans. B. curtipendula had more 
leucine, valine, asparagine, and aspartic 
acid than did A. ischaemum, but A. 
ischaemum contained more alanine and 
glutamic acid than did B. curti pendula. 
S. nutans had a higher content of gluta- 
mine, asparagine, lysine, glutamic acid, 
aspartic acid, and valine than did E. 
trichodes, but the latter had more leucine, 
alanine, and methionine than did S. 
nutans. S. nutans had the highest content 
of glutamine, and E. étrichodes had the 
highest content of alanine and methio- 
nine. Because of the difficulty in assaying 
such small amounts of these free amino 
acids by the method employed, further 
investigation would be required to estab- 
lish with certainty such differences as are 
here indicated. 

Figures on amino acids derived from 
acid hydrolysis of shoot samples are also 
given in table 1. These values are uncor- 
rected for the free amino acids present. 
This error is not large, however, since the 
amount of detectable free amino acids 
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was, in all but a few instances, fairly 
small. These data appear to indicate a 
general decrease in the percentage of 
acid-hydrolyzable amino acids of the 
shoots with increase in age of the plants. 
Calculations show that B. curtipendula 
had the highest acid-hydrolyzable amino 
acid content and was followed, in turn, 
by E. trichodes, S. nutans, and A. ischae- 
mum. E. trichodes contained the most 
valine, alanine, histidine, and methionine, 
but B. curtipendula had only slightly 
smaller amounts of these amino acids. 
S. nutans exceeded E. trichodes with re- 
spect to glutamic acid only. With regard 
to the percentage concentration of these 
amino acids, A. tschaemum had the low- 
est content of all four species. The vari- 
ous amino acids derived by acid hydroly- 
sis were found consistently, although in 
varying amounts, in essentially all of the 
samples regardless of the age of the 
plants. This is in contrast to the distribu- 
tion of the free amino acids where lysine, 
arginine, proline, serine, histidine, and 
threonine were detected at only one or 
two of the sampling periods for any of the 
species. Glutamine and asparagine were 
detected in some of the free amino acid 
extracts but were not detected after acid 
hydrolysis, presumably since acid hydrol- 
ysis had converted these amides to the 
corresponding amino acids. Root samples 
(not shown in table 1) of these same four 
species gave evidence of a content of free 
and acid-hydrolyzable amino acids simi- 
lar to that in the shoot samples. Total 
nitrogen percentages calculated from 
total percentages of amino acids de- 
tected by chromatography of acid-hy- 
drolyzed shoot samples (table 1) are 
shown in table 2. 


Discussion 
The existence of free amino acids in 
grasses has been well established by 



































TABLE 1 
rly AMINO ACID CONTENT OF SHOOTS OF A. ISCHAEMUM, B. CURTIPENDULA, 
ate E. TRICHODES, AND S. NUTANS AT VARIOUS AGES 
ol Figures are percentage values based on dry weights. Figure before slant line represents percentage of 
he free amino acid; figure after slant line represents percentage of amino acid in acid hydrolysate of sample. 
ts Latter values are uncorrected for free amino acid occurring in samples prior to acid hydrolysis. 
tla = 
AGE OF PLANT IN DAYS 
no AMINO ACID SPECIES ; a oon auemnneeis ‘deme ‘ait vr 
n, Seed | 3 8 15 21 | 28 37 43 | Si 64 
le- a B. curtipendula| 0.1/5.0| 0.8/3.6} 0.8/4.0] 0.0/4.0] 0.2/3.6] 0.3/5.0] 0.2/5.0] 0.2/3.6} 0.2/3.6| 0.2/3.6 
sad E.trichodes | 0.0/4.0) 0.2/3.2] 0.1/3.6) 0.2/4.0) 0.2/5.0} 0.7/5.0] 0.1/5.0} 0.2/4.0] 0.2/3.0) 0.0/3.6 
st Leucine S. nutans 0.0/3.4} 0.0/4.0] 0.5/3.4] 0.2/3.4) 0.2/3.4] 0.2/4.0] 0.2/3.4] 0.0/4.0] 0.2/3.2) 0.1/3.4 
A. ischaemum | 0.0/6.0; 0.0/0.0).0.5/2.7| 0.8/2.7) 0.3/2.7] 0.5/1.0] 0.0/1.5] 0.1/1.0} 0.2/1.5) 0.2/2.0 
1e | | 
: B.curtipendula| 0.1/3.0) 0.6/2.6) 0.5/2.2! 0.0/2.6) 0.0/2.4] 0.2/3.0] 0.2/2.6} 0.1/2.4] 0.1/2.4) 0.1/2.6 
ly E.. trichodes 0.0/2.8) 0.1/2.0) 0.1/2.4) 0.2/2.8) 0.1/3.0] 0.2/2.8] 0.1/2.8] 0.1/2.8] 0.1/2.0} 0.0/2.8 
af Valine S. nutans 0.0/2.4) 0.0/2.4] 0.3/2.4} 0.1/2.6} 0.1/2.4] 0.1/2.6] 0.1/2.0] 0.0/2.4] 0.1/2.4] 0.1/2.4 
Is. A. ischaemum | 0.0/3.0) 0.0/0.0) 0.5/1.5] 0.5/1.5) 0.2/1.5] 0.2/0.5] 0.0/0.5} Tr./0.5} 0.2/0.9] 0.2/1.3 
| 
e- B. curlipendula| 0.1/3.2} 0.6/3.2} 0.7/3.2! 0.2/3.2] 0.2/3.0] 0.2/3.2] 0.2/3.2] 0.1/2.6| Tr./2.6| Tr./3.0 
obs E.trichodes | 0.1/3.4) 0.4/3.0) 0.0/3.0) 0.8/3.4] 0.1/3.4] 0.8/3.4] 0.1/3.0] 0.2/3.4] 0.1/3.0] 0.1/2.4 
rd Alanine S. nutans 0.1/2.4) 0.1/3.4] 0.9/3.4! 0.3/3.4) 0.2/2.4] 0.3/2.4] 0.2/2.0) 0.0/3.0) 0.2/2.4) 0.1/2.4 
A. ischaemum | Tr./3.2| 0.0/0.0) 0.8/1.8) 1.0/1.8) 0.6/1.8] 0.6/1.0] 0.2/1.2] 0.1/1.0] 0.2/1.4] 0.1/1.5 
se } 
B. curtipendula| 0.0/2 o| 0.3/2.0) 0.1/1.0) 0.0/1.0) 0.0/1.0} 0.0/2.0} 0.0/0.5} 0.0/0.5} 0.0/0.5} 0.0/0.6 
w- eres E. trichodes 0.0/0.5] 0.0/0.5} 0.0/1.0} 0.0/2.0] 0.0/2.0} 0.1/1.0] 0.0/0.5} 0.0/1.0] 0.0/0.3] 0.0/0.3 
. Threonine S. nutans 0.0/0.5) 0.0/0.5} 0.2/1.0} 0.0/2.0) 0.0/0.5) 0.0/0.4] 0.0/0.4) 0.0/0.4) 0.0/0.4) 0.0/0.4 
i A. ischaemum | 0.0/1.0} 0.0/0.0} 0.1/1.0} 0.1/1.0} 0.0/1.0] 0.0/0.0] 0.0/0.0} 0.0/0.2] 0.0/0.7} 0.0/0.6 
| | 
: f B.curtipendula| 0.0/5.0] 0.0/2.0} 0.0/4.0) 0.0/4.0] 0.0/5.0] 0.0/4.0] 0.0/5.0] 0.0/4.0] 0.0/2.0} 0.0/0.0 
° fistidine E. trichodes | 0.0/4.0) 0.0/5 0| 0.0/4.0) 0.0/4.0] 0.0/4.0] 0.0/5.0] 0.0/4.0] 0.0/4.0] 0.0/3.0} 0.0/3.0 
In Histidine S. nutans | 0.0/4.0] 0.0/4.0} 0.5/0.0) 0.0/0.0] 0.0/4.0} 0.0/4.0] 0.0/4.0} 0.0/4.0] 0.0/0.0] 0.0/4.0 
he A. ischaemum | 0.0/3.0} 0.0/0.0} 0.0/4.0) 0.0/2.0) 0.0/2.5] 0.0/0.0) 0.0/0.0} 0.0/0.0) 0.0/0.0} 0.0/0.0 
he B. curtipendula| 0.0/6.0) 0.0/4.0} 0.0/3.4] 0.0/5.0] 0.0/3.4] 0.0/5.0] 0.0/4.0] 0.0/3.4} 0.0/3.0] 0.0/3.0 
ne Sais ||. trichodes | 0.0/6.0] 0.0/3.4| 0.0/4 0) 0.0/4.0} 0.0/4.0} 0.1/4.0} 0.0/4.0) Tr./3.0) 0.0/3.4] 0.0/2.4 
verine S. nutans | 0.0/4.0] 0.0/4 0} 0.0/3.4) 0.0/4.0] 0.0/3.0} 0.0/3.0) 0.0/3.4) 0.0/3.4) 0.0/3.0) 0.0/3.0 
u- || A. ischaemum | 0.0/3.2] 0.0/0.0] 0.0/4.0) 0.0/2.5] 0.0/2.5] 0.0/0.0] 0.0/0.0} 0.0/0.0} 0.0/1.5] 0.0/1.8 
} } } 
ie, B.curtipendula| 0.1/3.0] 0.8/4.0) 0.6/3.0) 0.2/3.0} 0.2/2.5] 0.2/3.0] 0.1/2.4] Tr./2.4| Tr./2.0] Tr./2.4 
— | | 2. trichodes 0.1/1.0] 0.2/2.4] 0.1/3.0} 0.2/3.0] 0.2/3.0} 0.2/2.0] Tr./2.4] Tr./2.0] Tr./1.0] Tr./2.0 
1d Aspartic acid = Pe e : 4 Zz 
S. nutans 0.1/1.0] 0.1/3.0] 0.7/3.0] 0.2/2.5} 0.1/2.0} 0.1/2.0] Tr./2.5| 0.0/2.0] Tr./2.0] Tr./2.0 
or 1. ischaemum | Tr./2.4| 0.0/0.0] 0.5/2.5) 0.3/1 5} 0.1/1 | 0.1/0.2] Tr./0.2| 0.1/0.2] Tr./0.2] Tr./0.2 
he B.curtipendula| 0.1/3.2) 0.6/3 2} 0.7/3.2) 0.6/3.2) 0.5/3.0] 0.5/3.2] Tr./3.2] 0.1/3.0] Tr./3.0] Tr./3.0 
e icles alll ||. trichodes | 0.1 2.4| 0.3/3.0] 0.0/3 2/ 0.0 3.5] 0.5/3.5] 0.6/3.2} 0.2/3.2] 0.1/3.0} 0.2/3.0] 0.2/2.0 
. VIMCATRIC 1) S. mutans | 0.5/2.4] 0.1/3.4] 0.8/3.4| 0.5/3.4] 0.3/3.0] 0.3/3.0] 0.0/3.0) 0.0/3.0] 0.1/3.0] 0.1/2.4 
re \|A. ischaemum | Tr./3.0] 0.0/0.0] 0.8/1.6] 0.8/1.8] 0.5/1.8] 0.5/2.0] 0.2/1.7] 0.5/1.7] 0.2/1.5] 0.5/1.6 
” | 
1 |{B. curtipendula} 0.1/5.0) 0.3/3.0) 0.7/5.0) 0.0/3.0) 0.0/2.0} 0.0/7.0} 0.0/6.0) 0.0/4.0) 0.0/4.0] 0.0/2.0 
id bei || E. trichodes 0.0/3.0! 0.0/2.0} 0.0/5.0} 0.0/4.0) 0.0/6.0} 0.0/4.0) 0.0/4.0} 0.0/5.0} 0.0/4.0] 0.0/3.0 
1 ae S. nutans | 0.0/2.0] 0.0/3.0] 0.5/3.0] 0.0/4.0] 0.0/3.0] 0.0/4.0] 0.0/4.0] 0.0/3.0] 0.0/2.0] 0.0/4.0 
| || A. ischaemum | 9.0/6.0 0.0/0.0} 0.5/3.0} 0.5/3.0} 0.3/3.0] 0.2/1.5] 0.0/1.5] 0.0/2.2] 0.0/2.0] 0.0/1.6 
z | | 
he \(B curtipendula| 0.0/6 0] 0.3/5 0) 0.7/1.0] 0.0/3.0) 0.0/2 0} 0.0/4.0] 0.0/3.0} 0.0/2.0} 0.0/3.0] 0.0/2.0 
cere E. trichodes 0.0/2.0] 0.0/1.0) 0.0/5.0] 0.0/2.0} 0.0/5.0] 0.0/4.0] 0.0/2 0] 0.0/4.0] 0.0/2.0] 0.0/3.0 
es sil ia |). S. nutans | 0.0/2.0| 0.0/2.0] 0.0/2.0} 0.0/2.0] 0.0/2.0] 0.0/4.0] 0.0/2.0] 0.0/5.0] 0.0/2.0] 0.0/3.0 
*y | A. ischaemum | 0.0/6.0] 0.0/0.0) 0.2/3.0) 0.3/2.0] 0.0/2.5] 0.0/0.0] 0.0/0.0] 0.0/1.3} 0.0/0.0] 0.0/0.0 
| 
| , , | | 
ur |(B.curtipendula| 0.0/5.0] 0.0/2.0} 0.0/2.0! 0.0/1.0} 0.0/2.0} 0.0/2.0] 0.0/4.0} 0.0/2.0] 0.0/1.0] 0.0/1.0 
os Ba or | E. trichodes 0.0/5.0] 0.0/1.0} 0.0/6.0! 0.0/3.0} 0.0/2.0] 0.0/4.0] 0.0/4.0] 0.0/1.0] 0.0/1.0] 0.0/0.0 
eC Proline 
1\.S. nutans 0.0/1.0) 0.0/1.0) 0.0/3 0) 0.0/0.0} 0.0/2.0) 0.0/2.0] 0.0/1.0} 0.0/1.0] 0.1/3.0] 0.0/1.0 
ii- | A. ischaemum | 0.0/3 0} 0.0/0.0) 0.0/2.0} 0.0/2.0) 0.0/1.5} 0.0/1.5] 0.0/1.5] 0.0/1.3] 0.0/1.5] 0.0/1.1 
‘ele ikea poke bate 
al 1(B curtipendula| 0.1/3 0| 0.8/1.0) 0.8/2.0) 0.0/2.0} 0.0/0.0} 0.0/2.0} 0.0/1.0] 0.0/1.0) 0.1/1.0} 0.1/0.0 
‘ Methionine || EZ. trichodes 0.0/2.0) 0.3/2.0} 0.0/2.0) 0.7/2.4] 0.0/1.0] 0.7/2.0} 0.1/1.0] 0.2/1.0] 0.0/0.0] 0.0/0.0 
m : S. nutans 0.0/2.0] 0.0/0.0} 0.4/0.0] 0.0/0.0) 0.0/0.0] 0.0/1.0] 0.1/1.0] 0.0/1.0] 0.2/0.0] 0.0/0.0 
| A. ischaemum | 0.0/0.0} 0.0/0.0) 0.5/0.0) 0.6/0.0} 0.2/0.0) 0.2/0.0) 0.0/0.0} 0.0/0.0) 0.2/0.0] 0.0/0.0 
es } | | | 
e | B curtipendula| 0.1/0.0\ 0.8/0 0| 1.2/0.0} 0.0/0.0} 0.0/0.0} 0.0/0.0} 0.0/0.0} 0.1/0.0] 0.1/0.1] 0.1/0.0 
y- einer E. trichodes 0.0/0.0} 0.0/0.0] 0.1/0.0] 0.2/0.0} 0.0/0.0} 0.2/0.0] 0.1/0.0] 0.1/0.0] Tr./0.0} Tr./0.0 
) — |\.S. nutans 0.0/0.0} 0.0/0.0] 0.7/0.0] 0.0/0.0} 0.0/0.0] 0.0/0.0] 0.1/0.0} 0.0/0.0} 0.1/0.0} Tr./0.0 
> A. ischaemum | 0.0/0.0) 0.0/0.0} 1.3/0.0} 0.5/0.0] 0.3/0.0] 0.1/0.0] 0.0/0.0] 0.0/0.0] 0.1/0.0] 0.1/0.0 
re y 
|(B.curtipendula| 0.0/0.0| 0.0/0.0] 0.0/0 0| 0.6/0 0) 0.0/0.0) 0.0/0.0) 0.0/0.0} 0.1/0.0} 0.1/0.0} 0.1/0.0 
Glutamene E. trichodes 0.0/0.0} 0.0/0.0} 0.0/0.0] 0.0/9.0} 0.0/0.0] Tr./0.0| 0.0/0.0] Tr./0.0| Tr./0.0| Tr./0.0 
: S. nutans 0.0/0.0} 0.0/0.0] 0.1/0.0} 0.0/0.0} 0.0/0.0} 0.0/0.0] 0.0/0.0] 0.0/0.0} 0.0/0.0] 0.0/0.0 
|| A. ischaemum | 0.0/0.0) 0.0/0 0| Tr./0.0} 0.0/0.0) 0.0/0.0} 0.0/0.0} 0.0/0 0 0.0/0.0] 0.0/0.0} 0.0/0.0 
In 
dV 
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CHIBNALL (1) and by Luce (5). The 
present work indicates that the percent- 
age content of a water-soluble free amino 
acid may not bear any direct relation to 
the total amount of that particular acid 
detectable in an acid digest of similar 
plant samples. In B. curtipendula, for ex- 
ample, serine was not detected as a free 
amino acid, but upon acid hydrolysis 
serine was found to compose an esti- 
mated 3-6% of the dry weight of the 
plant tissue. In general, the percentage 
of either free amino acids or acids yielded 
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of the four grasses studied differs slightly 
with respect both to the quantity of any 
one amino acid and to its relative concen- 
tration at various stages in the develop- 
ment of the plants. In general, however, 
the amino acid content is the same in all 
four species. The regularity of occurrence 
of the same amino acids in all the species 
at successive stages in development sug- 
gests, as has been indicated by RABIDEAU 
and Epwarps (6), that the protein con- 
tent of these four species may be essen- 
tially the same. 


TABLE 2 


PERCENTAGE NITROGEN (BEFORE SLANT LINE) DERIVED FROM DIVIDING TOTAL OF 
ALL AMINO ACIDS (AFTER SLANT LINE) DETECTED BY CHROMATOGRAPHY OF 





ACID-HYDROLYZED SHOOT SAMPLES (SEE TABLE 1) BY FACTOR 6.06 























SPECIES eh ee 
| Seed | 3 8 | 15 | 
B. curtipendula......| 8.2/49.5| 4.2/35.6| 5.6/34.0| 5.8/35.0| 
E. trichodes.........| 6.5/39.0| 4.7/28.5| 6.0/36.2| 6.3/38.1 
S. nutans ; | 4.5/27.0| 5.1/30.7| 4.6/28.0) 4.5/27.3 
A. ischaemum | 6.6/39.8).. ...] 5.0/31.1] 3.6/21.8 
| | 





by acid hydrolysis was higher in younger 
plants than in older plants, an observa- 
tion already reported for A. ischaemum 
(6). This is in line with the earlier finding 
by other workers (3, 4) that total nitro- 
gen percentage tends to decrease with 
age in range grasses. TSAo et al. (7) failed 
to find any consistent decrease in total 
nitrogen percentage with advancing age 
in the four species of grass used in this 
experiment. The conditions of the experi- 
ment conducted by Tsao et al. were, 
however, quite different from those of the 
present study and from the growth and 
collection intervals of the FupGE and 
Fraps (4) samples. The calculated nitro- 
gen percentages shown in table 2 fall 
within the range of the nitrogen content 
of other grasses observed by FuDGE and 
Fraps (4). The data of these analyses 
suggest that the amino acid composition 


AGE IN DAYS 





nn | 
} oo | 




















2 | ‘ | 5 64 
4.9/29.9| 7.2/43.4] 6.6/39.9| 5.1/30.9| 4.5/27.3| 3.8/23.2 
7.3/44.2] 6.7/40.4] 5.9/35.9] 5.7/34.2] 4.3/25.7| 4.0/24.5 
4.6/27.7| 5.2/31.4| 4.7/28.7| 5.2/32.2| 3.9/23.4| 4.6/28.0 
3.6/21.8) 1.3/7.6 | 1.3/8.1 1.6/9.4 | 1.9/11.2] 1.9/11.7 
—— a — — ! = 

Summary 


1. Free amino acids and amino acids 
yielded by acid hydrolysis were studied 
in Andropogon ischaemum, Bouteloua cur- 
tipendula, Eragrostis trichedes, and Sor- 
ghastrum nutans by a paper chromatogra- 
phy method. 

2. The data indicate essentially the 
same amino acid content for all four 
species but with some variation from one 
developmental stage to another in the 
concentration of particular amino acids. 

3. A general decrease in percentage of 
amino acids present appears to accom- 
pany aging of the plants. Differences in 
quantity of particular amino acids at 
given ages are set forth in a table. 


The seeds used in these experiments 
were furnished by the San Antonio nurs- 
ery of the Soil Conservation Service of 
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INFLUENCE OF TEMPERATURE 


ON FORMATIVE RESPONSE OF 


BEAN SEEDLINGS TO 2,4-DICHLOROPHENOXYACETIC ACID! 


JAMES W. BROWN AND ROBERT L. WEINTRAUB 


Introduction 


The influence of temperature on 
the herbicidal effectiveness of 2,4- 
dichlorophenoxyacetic acid (2,4-D) was 
recognized in the earliest publica- 
tions describing such uses (2, 3, 6). 
While these and other studies con- 
cerned more specifically with the influ- 
ence of temperature (4, 5) have been 
unanimous in reporting that plant re- 

1 An account of these results was presented at the 


Columbus meeting of the Botanical Society of 
America, September 12, 1950. 


sponse is diminished or delayed at low 
temperatures, no investigation seems to 
have been made correlating temperature 
specifically with the action of the growth- 
regulator as distinguished from indirect 
effects on translocation and growth in 
general. Such an analysis is reported here 
of the influence of temperature on the 
repression of leaf expansion owing to 
treatment with 2,4-D. This response ap- 
pears to correlate well with herbicidal ef- 
fectiveness and affords a much more 
quantitative measure (1), since, by ap- 
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plying 2,4-D directly upon the responsive 
organ, translocation is eliminated as a 
complicating factor. Environmental con- 
ditions have also been more closely con- 
trolled than in the previous studies. 


Material and methods 


Seedlings of the common bean, Phaseo- 
lus vulgaris L., var. Black Valentine, were 
cultured in a soil-sand-peat mixture in 
the greenhouse to the stage just prior to 
unfolding of the first trifoliolate leaf. Ap- 
plications of 2,4-D were made, and the 
plants were transferred at once to an ar- 
tificially lighted, temperature- and hu- 
midity-controlled room where they were 
allowed to develop. A 14-hour daily pho- 
toperiod was provided by overhead 
banks of Daylight fluorescent lamps giv- 
ing an intensity of approximately 800 
foot-candles at the level of the primary 
leaves. Temperature was held to +0.5°C. 
and relative humidity to +10%. Water 
was supplied by subirrigation. 

The 2,4-D was applied on the terminal 
bud as a 0.005-ml. drop of alcoholic solu- 
tion containing 1% Tween-20, as de- 
scribed elsewhere (1). Repression of ex- 
pansion of the first trifoliolate leaf was 
calculated from measurements of leaf 
area. Eighteen to twenty-four plants 
were used per treatment in each experi- 
ment, and the experiments were repeated 
two or three times. In several experi- 
ments half the population was harvested 
for leaf measurement 7 days after appli- 
cation, and the other half after a longer 
period, determined by the temperature. 


Results 


RELATION OF LEAF EXPANSION TO TEM- 
PERATURE.—Preliminary experiments on 
the influence of temperature (in the 
range 22°-34° C.) on development of un- 
treated bean plants gave the following 
results. The growth curve of the first tri- 
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foliolate leaf is of the common sigmoid 
form. At the optimal temperature the 
initial phase of relatively slow expansion 
occupies approximately 4 days from the 
beginning of unfolding of the bud. The 
growth rate is virtually constant during 
the following 3-4 days and thereafter di- 
minishes until the maximal area is at- 
tained at about 12-13 days. At tempera- 
tures above or below the optimum the lag 
period is extended 1-2 days; the duration 
of the linear phase is relatively unaf- 
fected, although the rate of growth may 
be greatly reduced. Consequently, al- 
though expansion may continue for a few 
days longer at infra- or supra-optimal 
temperatures, the final size attained by 
the leaf is less than that reached at the 
optimum temperature. 

Comparisons of growth rates of the 
first trifoliolate leaf at different tempera- 
tures were conveniently made from 
measurements of area on the seventh day 
after commencement of unfolding, as this 
point falls in the linear portions of the 
curves for all temperatures in the range 
studied. Rates calculated in this manner 
doubtless represent the integration of 
various phases in leaf growth but are ade- 
quate for the present purpose. Figure 1 
shows the relation between temperature 
and leaf expansion in 7 days. A rather 
sharp maximum occurs in the vicinity of 
31° C. Curves for longer time periods pos- 
sess less pronounced maxima because of 
the more prolonged growth at the ex- 
treme temperatures, but their general 
shape remains similar to that illustrated. 

RESPONSE TO 2,4-D.—Application of 
2,4-D to the bud just prior to its unfold- 
ing results in repression of expansion of 
the leaf. Its rate of growth and its final 
size are both diminished, but the tem- 
poral course of expansion is relatively 
unchanged. The degree of repression is 
proportional to the logarithm of the ap- 
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plied dose over a fairly wide interval (1). 

The percentage repression of treated 
leaves, in comparison with controls at the 
corresponding temperatures, is virtually 
constant over the entire temperature 
range (fig. 2). The slightly lower effect at 
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Fic. 1.—Influence of temperature on expansion 
of first trifoliolate leaf of Black Valentine bean. 


22° C. is probably due to the greater ex- 
perimental error involved in measuring 
the much smaller leaves produced at this 
temperature. Quite similar results have 
been obtained also with dosages both 
higher and lower than that illustrated. 
In other words, growth is repressed to the 
same proportionate extent at all tem- 
peratures, indicating that no tempera- 
ture-limited process is involved in the 
inhibition itself. 


Summary 


1. Expansion of the first trifoliolate 
leaf of the bean seedling (Phaseolus vul- 
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garis L., var. Black Valentine) exhibits a 
sharp temperature optimum at approxi- 
mately 31° C. 

2. Expansion is repressed by applica- 
tion of 2,4-dichlorophenoxyacetic acid 
(2,4-D) directly to the terminal bud; the 
degree of repression is proportional to the 
logarithm of the dose. 

3. The percentage repression owing to 
a particular dose is constant over the 
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Fic. 2.—Influence of temperature on repression 


of first trifoliolate leaf resulting from application of 
0.025 ugm. of 2,4-D directly to terminal bud. 


range 22°-34° C., indicating that no tem- 
perature-limited process is involved in 
the inhibition. 


It is a pleasure to acknowledge the 
technical assistance of J. ARTHUR 
THRONE, JEAN NICKERSON, and KaTH- 
ARINE TAYLOR in this study. 


CHEMICAL Corps BIOLOGICAL LABORATORIES 
Camp DETRICK 
FREDERICK, MARYLAND 


LITERATURE CITED 


1. Brown, J. W., and Werntravs, R. L. A leaf- 
repression method for evaluation of formative 
activity of plant growth-regulating chemicals. 
Bor. Gaz. 111:448-456. 1950. 

2. Hamner, C. L., and Tukey, H. B. The herbi- 
cidal action of 2,4-dichlorophenoxyacetic acid 


and 2,4,5-trichlorophenoxyacetic acid on bind- 
weed. Science 100:154—155. 1944. 

3. ——— and ———. Selective herbicidal action 
of midsummer and fall applications of 2,4- 
dichlorophenoxyacetic acid. Bor. Gaz. 106:232- 
245. 1944. 











482 BOTANICAL GAZETTE [JUNE 


4. KELLy, SALLY. The effect of temperature on the 
susceptibility of plants to 2,4-D. Plant Physiol. 
24:534-536. 1949. 

5. Martu, P. C., and Davis, F. F. Relation of 
temperature to the selective herbicidal effects of 


2,4-dichlorophenoxyacetic acid. Bor. Gaz. 106: 
463-472. 1945. 
6. MITCHELL, J. W.; Davis, F. F.; and Martn, 


P. C. Turf and weed control with plant growth 
regulators. GOLFDOM 18:34-36. 1944. 





LACK OF EFFECT OF PLANT GROWTH-REGULATORS ON THE 
ACTION OF ALPHA-AMYLASE SECRETED BY 
VIRUS TUMOR TISSUE’ 


M. K. BRAKKE AND L. G. NICKELL 


Introduction 

This report deals with the effect of cer- 
tain synthetic plant growth-regulators 
on the activity of alpha-amylase (1) se- 
creted by virus tumor tissue grown in 
vitro. Previous studies have lacked ade- 
quately controlled conditions and have 
been carried out with enzyme prepara- 
tions obtained through the usual meth- 
ods of destruction of cells. In this par- 
ticular study (a) the assay employed to 
measure enzyme activity includes con- 
trol of pH and temperature and (0) this 
enzyme, being secreted, is not subject to 
the drastic preparative procedures in- 
volving destruction of cellular structure 
usually necessary to obtain enzymes. 


Material and methods 


The tumor tissue used was induced by 
the wound-tumor virus (Aureogenus 
magnivena Black) in the roots of the sor- 
rel plant (Rumex acetosa L.) and was the 
same R;, isolate used in other studies (2, 
7-9). Enzyme activity was assayed (1) 
by following spectrophotometrically the 
decrease in optical density of the starch- 
iodine complex. This method is sensitive 
to low levels of amylase, but, because of 
the many factors affecting the color of 


1 This work was supported in part by a grant-in- 
aid from the American Cancer Society upon 
recommendation of the Committee on Growth of 
the National Research Council. 


the complex, the reproducibility is only 
about +5%. The growth-regulators 
tested and the concentrations used are 
given in table 1. 

Three different enzyme preparations 
consisting of unpurified spent liquid me- 
dium no. 24 (2) were used. The medium in 
each case had been inoculated with ap- 
proximately one-tenth its weight of tu- 
mors 2-10 days earlier. The medium was 
used immediately after the tumors were 
removed and after storage overnight in 
the refrigerator. Enzyme activity was as- 
sayed in 1% soluble starch and 0.02 M, 
pH 4.6, acetate buffer at 40° C. Growth- 
regulator solutions were adjusted to pH 
4.6 before being added to the reaction 
mixture. 


Results 


It is apparent that these compounds 
have no significant effect on the activity 
of the alpha-amylase (table 1). The 
greatest effect (10% decrease by beta- 
naphthoxyacetic acid at 100 p.p.m.) ap- 
proximates the limit of experimental er- 
ror for the comparison of two runs. The 
low levels of activity at all growth-regu- 
lator concentrations used in this particu- 
lar experiment indicate that the control 
may have been high. For this tumor tis- 
sue these same growth-regulators at 100 
p-p.m. cause a growth inhibition of be- 
tween 90% and 100% and an inhibition 
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106: 
of respiration amounting to 37% for in- plant growth-regulators: indoleacetic, 
ARTH, ‘ , ; A - ; : eee 
owt doleacetic acid, 10% for 2,4-dichloro- indolebutyric, indolepropionic, alpha- 
phenoxyacetic acid, and 70% for beta- naphthaleneacetic, 2,4-dichlorophenoxy- 
naphthoxyacetic acid (7). acetic, beta-naphthoxyacetic, and 2,3,5- 
Di ; triiodobenzoic acids (11, 12). In these in- 
en stances the growth-regulators were used 
EysTER (3) reported that indolepro- at concentrations as low as 100 p.p.m., 
pionic acid retarded the action of malt but no figures were given to indicate 
diastase on soluble starch but accelerated what constituted effective inhibition. 
the action of the enzyme in the presence NEELy ef al. (6) have reported reduced 
TABLE 1 
nly 
lide EFFECT OF PLANT GROWTH-REGULATORS ON SECRETED a-AMYLASE 
are ———— A ———————————————— 
| ACTIVITY (CONTROL= 100°) In 
, PRESENCE OF GROWTH- 
ONS ‘ - ACTIVITY | REGULATORT AT 
GROWTH-REGULATOR 
ne- OF CONTROL* | cleaner 
| 
din | 1 p.p.m. | 10 p.p.m. | 100 p.p.m. 
il rn are ae ee es ee a ee 
tu- 2,4-Dichlorophenoxyacetic acid ) 08s 100 97 | 01 
vas | 
Indoleacetic acid — = = | = 
ere ee ene | | .130 100 96 | 98 
In | | 
, . 325 93 98 | 97 
as- Beta-naphthoxyacetic acid |} 0.135 | 04 91 | 90 
M, iccttineeinenel = 
th- * Milligrams of starch hydrolyzed per hour per milliliter of enzyme solution. 
t Based on activity of control as 100%. 
1H 
on a P e ° 
of charcoal, presumably by releasing the _ levels of alpha- and beta-amylase activ- 
adsorbed enzyme from the charcoal. The _ ity in the stems and leaves of bean plants 
same author later (4) mentioned similar treated with 2,4-D. 
ds action by indolebutyric, indoleacetic, 
ty and alpha-naphthaleneacetic acids at Summary 
i concentrations of 25 and 50 p.p.m. and 1. Plant growth-regulators represent- 
he ~tee ; 
. reached the conclusion that the effective- ing the indole, phenoxy, and naphthoxy 
a~ e ~ 
p- ness of these compounds was due entirely types of structure were tested to deter- 
- to a pH effect (4, 5). However, SmirH mine their effect on the activity of an 
e et al. (10) pointed out the lack of pH con- alpha-amylase secreted by virus tumor 
% trol in Eyster’s experiments. These tissue from the roots of Rumex acetosa 
" workers were unable to duplicate grown in vitro. 
a EysTER’s results under controlled condi- 2. At concentrations up to and includ- 
. tions. They could find no effect of in- ing 100 p.p.m. they had no significant 
doleacetic acid on diastatic activity in effect on its activity. The greatest effect 
0) 2 
‘ the presence or absence of charcoal. was within the limit of experimental error. 
n Still other reports indicate effective in- po ooxryn Botanic GARDEN 
hibition of salivary amylase by many  Brooxtyn 25, New York 
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A SAND PRESS METHOD FOR PRESERVATION OF NATURAL 
COLORS IN HERBARIUM SPECIMENS 


Collection and preservation of plant speci- 
mens have been essential in the studies of plant 
pathologists and taxonomists. Not only the 
preservation of plant materials but retention of 
their natural colors is desired by botanists, es- 
pecially by plant pathologists. So far, no method 
has been available for retaining the natural col- 
ors of herbarium specimens. The various presses 
used for preparation of such specimens have 
been unsatisfactory because: (a) a single worker 
making large-scale collections finds repeated 
changes of blotting paper to hasten drying of the 
pressed specimens laborious and time-consum- 
ing; (b) thicker structures, such as the sori and 
galls of rusts, smuts, etc., are crushed; (c) colors 
are rarely maintained. 

After unsatisfactory experience with this tra- 
ditional method, the writer has recently success- 
fully evolved a labor-saving, cheap way to pre- 
pare herbarium specimens in natural colors. 
This method uses layers of clean, dry, sand of 
medium texture to press the specimens and, at 
the same time, through porosity of the sand 
mass, provides ample aeration which facilitates 
rapid removal of moisture from the specimens. 
A level layer of sand 1 inch thick is spread on a 
platform, and an absorptive paper is laid over 


the sand. The specimens are placed on it with- 
out overlapping and then covered by a similar 
sheet of paper. Over this is spread another layer 
of sand 1 inch thick. This process is repeated, 
alternating layers of sand with plant specimens 
until a stack 10 inches high is made, thus press- 
ing five layers of specimens. The intervening 
layers of sand are leveled each time. 

The stack is kept exposed, preferably under a 
powerful fan or facing a constant wind current. 
Specimens dry in about 3-5 days depending 
upon the factors that affect rapid removal of 
moisture, such as humidity, wind velocity, 
breadth and height of the stack, thickness of the 
sand layers, etc. The specimens may be taken 
out after this period or may be left indefinitely. 
To remove dried material the sand layer is care- 
fully pushed aside, the top sheet of paper below 
it is lifted from one side, and the pressed speci- 
mens then lie exposed on the other sheet. They 
are dry, flat, and retain their natural colors to a 
remarkable extent. Since the sand mass tends to 
distribute pressure uniformly, morbid and nat- 
ural prominences on the plants are not crushed. 
The unhindered rapid removal of moisture from 
the fresh specimens through the porous sand 
apparently aids preservation of the plant pig- 
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ments, through limiting the destructive activi- 
ties of molds and bacteria, and the autolytic 
processes of the living tissues themselves which 
affect the pigment system. The physiological 
significance of this case of pigment preservation, 
however, has yet to be properly investigated. 

These specimens with natural colors keep 
well indefinitely if not carelessly exposed to too 
much moisture. Ordinarily specimens in the 
paper packets may be kept in bigger packets of 
paraffin-impregnated, cheap, white paper (la- 
beled before paraffin impregnation) in steel cab- 
inets. 

In pressing large-scale collections of speci- 
mens in the laboratory, the writer has used 
simple equipment of moderate cost (fig. 1) con- 
sisting of a wooden rack 4 feet X 2 feet X 6 feet 
in size with four planks set horizontally at a dis- 
tance of 13 feet above each other. On each plank 
a pile of sand 33 feet X 1} feet X 10 inches high 
pressing five layers of specimens is made as de- 
scribed. As specimens are taken out sand col- 
lects at the bottom of the rack and is reused for 
subsequent pressings. 

The following precautions are essential. (a) 
Individual sand layers should not be so thick as 
to delay drying. Too thin layers, however, lead 
to shriveling of specimens owing to insufficient 
weight, especially when conditions favor too 
rapid drying. (b) The stack may be any con- 
venient length but should not be more than 10 
inches high and 14 feet wide for proper aeration 
of the materials. (c) Low humidity and high 
wind conditions give best results. 

This “sand press’? method is recommended 
for general preparation of herbarium specimens 
because: (a) the natural plant colors are re- 
tained; (6) gall and sorus structures of phyto- 
pathological specimens are not crushed; and (c) 
since drying and pressing processes are com- 
bined in one operation, it is cheap, simply, and 
labor-saving. Technical and commercial possi- 


bilities of the method are under detailed investi- 
gation. 

The writer is indebted to a forgotten village 
girl whose methods, observed by him a decade 





Fic. 1. 


Wooden rack with four platforms sup- 
porting sand layers alternating with herbarium 
specimens in blotters. Oscillating fan in position in 
back. 


ago, led to the present findings. He is highly 
grateful to AKSHAIBER LAL, Head of the Section 
of Plant Pathology and Mycology, College of 
Agriculture, for his kind encouragement and 
guidance.—B. T. Lincappa, Section of Plant 
Pathology and Mycology, College of Agriculture, 
Benares Hindu University. 
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Abelmoschus, interspecific hybridization, taxonomy 
455 

Abelmoschus tuberculatus, new species 455 

\bies grandis, moisture retention in leaves 210 

Abscission, foliar, conditioned by auxin-ethylene 
balance 310; in bean, effect of growth-regulators 
348 

Action spectrum for inhibition of stem growth in 
barley 95 

Agrobacterium tumefaciens, tumors in tomato, oxy- 
gen uptake 185, terminal oxidase patterns 190 

Ahlgren, Gilbert H., Effects of 2,4-D on dry weight, 
reducing sugars, total sugars, polysaccharides, 
nitrogen, and ally] sulfide in wild garlic 119 

Albino barley, action spectrum for inhibition of stem 
growth 95 

Alkali, chlorosis in bean 373 

Allium; see Onion; A. vineale, effects of 2,4-D on 
metabolism 119 

Allyl sulfide, content in wild garlic affected by 2,4-D 
treatment 119 

Alnus, wood anatomy 235 

Amino acids, in range grasses 475 

Amylase, alpha-, activity not affected by 
regulators 482 

Anatomy, of adventitious root development in Vac- 
cinium 279; of Bowmanites bifurcatus sp. nov. 
158; of Conostoma quadratum, Coronostoma 
quadrivasatum sp. nov., and Taxospermum undu- 
latum sp. nov. 165; of nectaries 464; of root tu- 
mors induced by growth-regulators 334; of 2,4-D- 
treated corn plants 65; vascular, of Clethra 392; 
vegetative, of Theobroma cacao 444; wood, of 
Betulaceae 235 

Andrews, Henry N., Jr., A new American species of 
Bowmanites 158 

Andropogon ischaemum, amino acids 475 

Antimicrobial substances in chlorophyllose plants 
growing in Florida 293 

Auxin; see Indoleacetic acid and Growth-regulators; 
auxin-ethylene balance in foliar abscission 310; 
auxin tumors in tomato, terminal oxidase patterns 
190 

Avena, winter hardiness of seeds 90 

Avocado, floral development, sporogenesis, and 
embryology 270 


growth 


B 


Banigan, T. F., Jr., Distribution of waxes in guayule 

Barley; see Hordeum 

Bean, abscission, effect of substituted benzoic acids, 
counteracted by indoleacetic and naphthaleneace- 
tic acids 348; bicarbonate-induced chlorosis 373; 
germination types 151; interaction of temperature 
and 2,4-D in leaf expansion 479; Red Kidney, test 
plant for activity of substituted benzoic acids 135 


Beets, sugar, glutamic acid increased by zinc di- 
methyldithiocarbamate 207 

Bell, Thomas A., Pectolytic enzyme activity in vari- 
ous parts of the cucumber plant and fruit 216 

Benzoic acids, substituted, activity tested on bean, 
squash, and cucumber 135; relation between 
molecular structure and abscission-inducing ac- 
tivity 348 

Beta; see Beets 

Betula, wood anatomy 235 

Betulaceae, comparative wood anatomy and phys 
logeny 235 

Bicarbonate-induced chlorosis in bean 373 

Bitterweed; see Helenium 

Blair, Byron O., Translocation of 2,4-dichloro-5- 
iodophenoxyacetic acid in velvet mesquite seed- 
lings 368 

Blueberry; see Vaccinium 

Bluestem, amino acids 475 

Bonner, D. M., An atypical growth of cabbage-seed- 
ling roots. I. Morphology, histology, and induc- 
tion conditions 334 

Boron, effect on germination and respiration of flax 
180 

Borthwick, H. A., Action spectrum for inhibition of 
stem growth in dark-grown seedlings of albino and 
nonalbino barley (Hordeum vulgare) 95 

Bouteloua curtipendula, amino acids 475 

Bowmanites bifurcatus, new American species 158 

Brakke, M. K., Lack of effect of plant growth-regu- 
lators on the action of alpha-amylase secreted by 
virus tumor tissue 482 

Brassica nigra, effect of phosphorus deficiency on 
growth and metabolism 301 

Brassica oleracea, atypical growth of seedling roots 
induced by chlorophenoxy compounds 334 

Breeding behavior of Bromus inermis 23 

Bromus inermis, cytology and breeding behavior of 
twin plants 23; reproductive activity in relation to 
tiller development 413 

Brooks, Erwin R., Vegetative anatomy of Theo- 
broma cacao 444 

Brown, James W., Influence of temperature on for- 
mative response of bean seedlings to 2,4-di- 
chlorophenoxyacetic acid 479; Studies on the rela- 
tion between molecular structure and physiologi- 
cal activity of plant growth-regulators. I. Abscis- 
sion-inducing activity 348 

Brown, J. W., The chemical status of bean plants 
afflicted with bicarbonate-induced chlorosis 373 

Brown, Walter V., The relation of soil moisture to 
cleistogamy in Stipa leucotricha 438 

Bulb formation, in wild garlic affected by 2,4-D 119 


€ 
Cabbage; see Brassica 
Cacao; see Theobroma 
Candida albicans, used to assay antimicrobial activ 
ity of chlorophyllose plants 293 
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Carbohydrate, alcohol-insoluble, in citrus fruit 106; 
content, in phosphorus-deficient black mustard 
301, in 2,4-D-treated wild garlic 119 

Carbon 14, used for biosynthesis of radioactive nico- 
tine 195 

Cardiocarpales, new species 165 

Carpinus, wood anatomy 235 

Carrots, sprouting in storage affected by growth sub- 
stances 362 

Cellulose and hemicellulose, content, of citrus fruit 
106 

Chaney, Ralph W., with Seido Endé, A record of 
Sequoia from the Jurassic of Manchuria 228 

Chasmogamy, in Stipa leucotricha, relation to soil 
moisture 438 

Cherry, effect of 2,4-D on fruit-set and maturity 147 

Chlorophenoxy compounds, effects, on bean seedling 
growth 479, on corn plants 65, on fruit-set of cher- 
ries 147, on grapes 75, on metabolism in wild garlic 
119, on nitrogen metabolism and water relations 
of soybean 322, on sprouting in storage of carrots, 
turnips, and onions 362; inducing atypical growth 
of cabbage-seedling roots 334; Lemna test 86; rela- 
tion between molecular structure and abscission- 
inducing activity 348; translocation of 2,4-di- 
chloro-5-iodophenoxyacetic acid in velvet mes- 
quite seedlings 368 

Chlorosis, in bean, and chemical status induced by 
bicarbonate 373 

Chromosomes, in Bromus inermis 23 

Citrus, fruit, alcohol-insoluble solids 106 

Clark, H. E., Effects of 2,4-dichlorophenoxyacetic 
acid upon the nitrogen metabolism and water rela- 
tions of soybean plants grown at different nitrogen 
levels 322 

Cleistogamy in Stipa leucotricha, relation to soil 
moisture 438 

Clethra alnifolia, C. acuminata, and C. arborea, 
floral morphology 392 

Coal balls, new Bowmanites species 158; seeds of 
Conostoma, Coronostoma, and Taxospermum 165 

Conifers, Rocky Mountain, moisture retention in 
leaves 210 

Cold-resistance, of oat seeds 90 

Coleus, in foliar abscission tests 310 

Conostoma quadratum, additional description 165 

Coronostoma quadrivasatum, new species 165 

Corn; see Zea 

Corylus, wood anatomy 235 

Cotton, in foliar abscission tests 310 

Crandall, Paul R., Alcohol-insoluble solids of juice 
vesicles and pulp of citrus fruit 106 

Crown-gall tumors in tomato, oxygen uptake 185; 
terminal oxidase patterns 190 

Cucumber, pectolytic enzyme activity 216; test 
plant for activity of substituted benzoic acids 135 

Cucumis sativus; see Cucumber 

Cytology and breeding behavior of twin plants of 
Bromus inermis 23 


D 


2,4-D; see Dichlorophenoxy compounds and Herbi- 
cides 

Dallyn, Stewart, Effect of applications of growth 
substances on sprouting of carrots, turnips, and 
onions in storage 362 
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Dichlorophenoxy compounds, action counteracted 
by 3-nitro-4-halogen benzoic acids 135; effects, on 
bean seedling growth 479, on corn plants 65, on 
fruit-set and maturity of cherries 147, on metabo- 
lism in wild garlic 119, on nitrogen metabolism 
and water relations in soybean 322; Lemna as test 
plant 86; no effect on activity of alpha-amylase 
482 

Dimethylphenoxychloroacetic acid, 2,3-, effect on 
glutamic acid in sugar beets 207 

Duckweed, test plant for herbicides 86 


E 
vi 


Eaton, Scott V., Effects of phosphorus deficiency on 
growth and metabolism of black mustard 301 

Embryology of Persea americana 270 

Endé, Seido, A record of Sequoia from the Jurassic of 
Manchuria 228 

Enzyme activity, alpha-amylase, not affected by 
growth-regulators 482; in ethylene production in- 


hibited by indoleacetic acid 310; pectolytic, in ‘ 


cucumber and tomato 216 

Enzymes, in ethylene production 55; terminal oxi- 
dase, in tomato crown-gall and auxin-induced 
tumors 190 

Eragrostis trichodes, amino acids 475 

Ericales, floral morphology of three species of 
Clethra 392 

Ethylene, in auxin-ethylene balance in foliar abscis- 
sion 310; production, in plant tissues and rapid 
quantitative method for estimation 55, measured 
by inhibition of growth in etiolated pea epicotyls 
310 


F 
Fahn, Abraham, On the structure of floral nectaries 


Fasciation, root, in cabbage induced by growth-regu- 
lators 334, in corn plants treated with 2,4-D 65 

Flax, effect of boron on germination and respiration 
180 

Floral morphology, Clethra 392; nectaries 464; 
Persea americana 270 

Florida, antimicrobial substances in chlorophyllose 
plants 285 

Flowering, relation to tiller development in Bromus 
inermis 413 

Fossil, cone of Bowmanites 158; seeds of Taxosper- 
mum, Coronostoma, and Conostoma 165; Sequoia 
jeholensis 228 

Freiberg, S. R., Effects of 2,4-dichlorophenoxyacetic 
acid upon the nitrogen metabolism and water rela- 
tions of soybean plants grown at different nitrogen 
levels 322 

Fromm, F., A quantitative evaluation of the Lemna 
test for herbicides 86 

Fruit-set, in cherry, affected by 2,4-D 147 

Fuller, W. H., Translocation of 2,4-dichloro-5- 
iodophenoxyacetic acid in velvet mesquite seed- 
lings 368 

Fults, Jess L., Glutamic acid in sugar beets increased 
by zinc dimethyldithiocarbamate 207 


G 


Ganz, A., Biosynthesis of radioactive nicotine 195 
Garlic, wild; see Allium vineale 
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Garren, R. G., Jr., Effect of 2,4-dichlorophenoxy- 
acetic acid and naphthalene acetic acid on increas- 
ing fruit-setting and delaying maturity of Mont- 
morency cherries 147 

Gaskill, John O., Glutamic acid in sugar beets in- 
creased by zinc dimethyldithiocarbamate 207 

Gates, R. Ruggles, Epigeal germination in the 
Leguminosae 151 

Geiling, E. M. K., 
tine 195 

Gene interaction, analysis by the partitioning meth- 
od 1 

Genetic basis of woolly degeneration in Neurospora 
crassa 203 

Germination, epigeal, in Leguminosae 151; of flax 
affected by boron, manganese, and zinc 180 

Goddard, David R., Studies on the metabolism of 
plant neoplasms. I. Oxygen uptakeof tomatocrown- 
gall tissues 185 

Grama, side-oats, amino acids 475 

Grapes; see Vitis 

Grass, cleistogamy in Stipa leucotricha 438; cy tology 
and breeding behavior in Bromus inermis 23; 
range, amino acids 475; tiller development and 
reproductive activity in Bromus inermis 413 

Growth, effects, of C!‘O2 on tobacco 195, of growth- 
regulators on bean 135, 479, on cabbage roots 334, 
on carrots 362, on corn 65, on cucumber 135, on 
Lemna 86, on onion 362, on soybean 322, on 
squash 135, on turnip 362, on wild garlic 119; 
effects, of light on stems of dark-grown barley 95, 
of phosphorus deficiency on black mustard 301; 

relation to bicarbonate- induced chlorosis 373; of 
adventitious roots in Vaccinium 279; of pea roots, 
interaction of X-irradiation and indoleacetic acid 
285; of Staphylococcus aureus, Pseudomonas 
aeruginosa, and Candida albicans inhibited by ex- 
tracts of chlorophyllose plants 293; of twin plants 
of Bromus inermis 23 

Growth-regulators, activity, in abscission, 310, 348, 
Lemna test 86, of substituted benzoic acids 135; 
effects, of 2,4-D and naphthalene acetic acid on 
fruit-set and maturity of cherries 147, of 2,4-D on 
bean seedling growth 479, on corn plants 65, on 
metabolism in wild garlic 119, on nitrogen metab- 
olism and water relations of soybean 322, of in- 
doleacetic acid on root growth of X-irradiated 
peas 285; effects, on glutamic acid in sugar beets 
207, on grapes 75, on sprouting in storage of car- 
rots, turnips, and onions 362; inducing atypical 
growth of cabbage-seedling roots 334; interaction 
with reduced nitrogen source in production of tu- 
mors 334; no effect on action of alpha-amylase 
482; relation between molecular structure and 
abscission- inducing activity 348; translocation of 
2,4-dichloro-5 jodophenoxyacetic acid 368 

Guard, Arthur T., Morphological and anatomical 
effects of 2,4-D on young corn plants 65; Vegeta- 
tive anatomy of Theobroma cacao 444 

Guayule, wax distribution 231 


Biosynthesis of radioactive nico- 


H 


Hac, Lucile R., Glutamic acid in sugar beets in- 
creased by zinc dimethyldithiocarbamate 207 

Hall, John W., The comparative anatomy and 
phylogeny of the Betulaceae 235 
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Hall, Wayne C., Evidence on the auxin-ethylene 
balance hypothesis of foliar abscission 310; Studies 
on the origin of ethylene from plant tissues 55 

Hardiness, winter, of oats 

Helenium tenuifolium, distribution of bitter prin- 
ciple 471 

Hendricks, S . B., Action spectrum for inhibition of 
stem grow th in dark- -grown seedlings of albino and 
nonalbino barley (Hordeum vulgare) 95 

Herbarium method which preserves natural colors 
484 

Herbicides; see Growth-regulators; activity of sub- 
stituted benzoic acids 135; effects, of 2,4-D on 
corn plants 65, on metabolism in wild garlic 119; 
interaction of 2,4-D and temperature on bean 
seedling growth | 479; Lemna test 86; translocation 
of 2,4-dichloro-5 5-iodophenoxyacetic ’acid in velvet 
mesquite seedlings 368 

Hibiscus; see Abelmoschus 455 

Histology; see Anatomy 

Hordeum vulgare, action spectrum in light-inhibi- 
tion of stem growth 95 

Hormones; see Growth-regulators 

Hoshaw, Robert W., Morphological and anatomical 
effects of 2,4-D on young corn plants 65 

Hybrids, pine, oleoresin composition 221 


I 


Indian grass, amino acids 475 

Indoleacetic acid, effects on root growth of X-irradi- 
ated peas 285; in inhibition of abscission 310, 348; 
no effect on activity of alpha-amylase 482 

Indoleacetic acid tumors, terminal oxidase patterns 
in tomato 190 

Ivanoff, S. S., The use of activated oat seeds in the 
study of winter-hardiness 90 


J 


, An atypical growth of cabbage 


Jagendorf, A. 
histology, and in- 


seedling roots. 1. Morphology, 

duction conditions 334 
Jensen, William, Effect of boron on germination of 

flax seed and on fespiration of flax seedlings 180 


K 

Kavaljian, Leroy G., The floral morphology of 
Clethra alnifolia with some notes on C. acuminata 
and C. arborea 392 

Kelsey, F. E., Biosynthesis of radioactive nicotine 
195 

Klein, Richard M., Studies on the metabolism of 
plant neoplasms. IIT. The terminal oxidase pat- 
terns of crown-gall and auxin tumors of tomato 
190 

Klingman, Glenn C., Effects of 2,4-D on dry weight, 
reducing sugars, total sugars, polysaccharides, ni- 
trogen, and allyl sulfide in wild garlic 119 


L 


Lagenostomales, new species 165 

Lamp, Herbert F., Reproductive activity in Bromus 
inermis in relation to phases of tiller development 
413 
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Leguminosae, epigeal germination 151 

Lemna minor, test plant for herbicides 86 

Lemon, fruit, alcohol-insoluble solids 106 

Light inhibition, action spectrum, in stem growth of 
barley 95 

Lingappa, B. T., A sand press method for preserva- 
tion of natural colors in herbarium specimens 484 

Link, George K. K., Studies on the metabolism of 
plant neoplasms. I. Oxygen uptake of tomato 
crown-gall tissues 185; II. The terminal oxidase 
patterns of crown-gall and auxin tumors of to- 
mato 190 

Linum; see Flax 

Lovegrass, sand, amino acids 475 

Lycopersicon; see Tomato 


M 


Madsen, Grace C., Occurrence of antimicrobial sub- 
stances in chlorophyllose plants growing in Florida 
293 

Mahlstede, John P., An anatomical study of ad- 
ventitious root development in stems of Vac- 
cinium corymbosum 279 

Maize; see Zea 

Mamay, Sergius H., A new American species of 
Bowmanites 158 

Manganese, effect on germination of flax 180 

Meeks, J. W., Distribution of waxes in guayule 231 

Mesquite, translocation of 2,4-dichloro-5-iodo- 
phenoxyacetic acid 368 

Metabolism, effects, of 2,4-D in soybean 322, in wild 


garlic 119, of phosphorus deficiency in black mus-, 


tard 301; of auxin tumors 190, of crown-gall tu- 
mors 185, 190 

Mika, Edward S., Effect of indoleacetic acid on root 
growth of X-irradiated peas 285 

Minarik, C. E., New growth-regulating compounds. 
II. Substituted benzoic acids 135 

Mustard; see Brassica 


N 


Naphthaleneacetic compounds, counteracting ab- 
scission-inducing activity of ethylene 310, of 
2,3,5-triiodobenzoic acid 348; effects, on fruit-set 
and maturity of cherries 147, on grapes 75, on 
sprouting in storage of carrots, turnips, and onions 
362 

Naphthoxyacetic acid, beta-, inducing tumors in 
cabbage-seedling roots 334; no effect on activity of 
alpha-amylase 482 

Naphthoxypropionic acid, beta-, effects, on grapes 
fo 

Naylor, A. W., An atypical growth of cabbage-seed- 
ling roots. I. Morphology, histology, and induc- 
tion conditions 334 

Nectaries, anatomy 464 

Neely, Florence E., Small petrified seeds from the 
Pennsylvanian of Illinois 165 

Neurospora crassa, genetic basis of woolly degenera- 
tion 203 

Nickell, L. G., Lack of effect of plant growth-regula- 
tors on the action of alpha-amylase secreted by 
virus tumor tissue 482 

Nickerson, Jean C., Studies on the relation between 
molecular structure and physiological activity of 
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plant growth-regulators. I. 
activity 348 

Nicotiana; see Tobacco 

Nicotine, biosynthesis of radioactive form 195 

Nielsen, Etlar L., Cytology and breeding behavior of 
twin plants of Bromus inermis 23 

Nitrogen, amino acids in range grasses 475; content, 
in wild garlic affected by 2,4-D 119; metabolism, 
in 2,4-D-treated soybean 322, in phosphorus- 
deficient black mustard 301; nutrition, affecting 
oxygen uptake of tomato crown-gall tissues 185; 
interaction with 2,4-D in nitrogen metabolism and 
water relations in soybean 322; reduced forms aug- 
menting growth-regulators in tumor formation 
334 


Abscission-inducing 


Norman, A. G., New growth-regulating compounds. 
II. Substituted benzoic acids 135 


Oat; see Avena 

Okra; see Abelmoschus 

Oleoresin, composition as a determinant of pine 
hybridity 221 

Onions, sprouting in storage affected by growth sub- 
stances 362 

Orange, fruit, alcohol-insoluble solids 106 

Ostrya, wood anatomy 235 

Ostryopsis, wood anatomy 235 

Owings, J. Fred, Jr., New growth-regulating com- 
pounds. II. Substituted benzoic acids 135 


P 


Pal, B. P., Taxonomic relationships and breeding 
possibilities of species of Abelmoschus related ‘to 
okra (A. esculentus) 455 

Parker, Johnson, Moisture retention in leaves of 
conifers of the northern Rocky Mountains 210 

Parker, M. W., Action spectrum for inhibition of 
stem growth in dark-grown seedlings of albino and 
nonalbino barley (Hordeum vulgare) 95 

Parthenium argentatum, wax distribution 231 

Pates, Anne L., Occurrence of antimicrobial sub- 
stances in chlorophyllose plants growing in Florida 
293 

Payne, Merle G., Glutamic acid in sugar beets in- 
creased by zinc dimethyldithiocarbamate 207 

Pea, effect of indoleacetic acid on growth of X-ir- 
radiated roots 285; test for ethylene production 
310 

Pectin content of citrus fruit 106 

Pectolytic enzyme activity in cucumber and tomato 
216 

Persea americana; see Avocado 

Phaseolus; see Bean 

Phosphorus deficiency, effect on growth and metab 
olism of black mustard 301 

Phylogeny, of Betulaceae 235 

Phytocidal index, defined for herbicides 86 

Picea engelmanni, moisture retention in leaves 210 

Pinus coulteri—Pinus jefireyi hybrid, oleoresin com- 
position 221 

Pinus monticola and P. ponderosa, moisture reten- 
tion in leaves 210 

Pisum; see Pea 

Planck, R. W., Distribution of waxes in guayule 231 
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Powers, LeRoy, Gene analysis by the partitioning 
method when interactions of genes are involved 1 

Pressing method which preserves natural colors 484 

Prosopis; see Mesquite 

Prunus cerasus; see Cherry 

Pseudomonas aeruginosa, used to assay antimicro- 
bial activity of chlorophyllose plants 293 

Pseudotsuga taxifolia, moisture retention in leaves 
210 


R 


Rabideau, Glenn S., Free and acid-hydrolyzable 
amino acids in four range grasses 475 

Radioactive compounds, 2,4-dichloro-5-iodophenoxy- 
acetic acid, translocation in mesquite 368; nico- 
tine, biosynthesis 195 

Radioactivity, effects of C!4O2 on tobacco plants 195 

Radiation, X-, of pea roots, and effect of indoleacetic 
acid on growth 285 

Ready, D., New growth-regulating compounds. IT. 
Substituted benzoic acids 135 

Respiration, in tomato crown-gall tissues 185, 190; 
in tomato auxin-induced tumors 190; of flax af- 
fected by boron 180; relation to ethylene produc- 
tion 55 

Roots, adventitious, development in Vaccinium 279; 
anatomy of Theobroma cacao 444; fasciation in 
2,4-D-treated corn 65; growth, in cabbage, af- 
fected by growth-regulators 334, of X-irradiated 
peas, affected by indoleacetic acid 285 

Rumex asetosa, virus tumor tissue from roots used 
for secretion of alpha-amylase 482 


S 


Schroeder, C. A., Floral development, sporogenesis, 
and embryology in the avocado, Persea americana 
270 

Seeds, activated, in study of winter-hardiness 90; 
from Pennsylvanian coal balls 165 

Sequoia jeholensis End6, n. sp., from Jurassic of 
Manchuria 228 

Sheng, T. C., The genetic basis of woolly degenera- 
tion in Neurospora crassa 203 

Shields, Lora Mangum, Distribution of the bitter 
principle in the shoot of Helenium tenuifolium 471 

Sinclair, Walton B., Alcohol-insoluble solids of juice 
vesicles and pulp of citrus fruit 106 

Singh, H. B., Taxonomic relationships and breeding 
possibilities of species of Abelmoschus related to 
okra (A. esculentus) 455 

Smith, Ora, Effect of applications of growth sub- 
stances on sprouting of carrots, turnips, and on- 
ions in storage 362 

Soil moisture, relation to cleistogamy in Stipa leuco- 
tricha 438 

Sorghastrum nutans, amino acids 475 

Soybean, effect of 2,4-D on nitrogen metabolism and 
water relations 322 

Spectrum, action, for inhibition of stem growth in 
barley 95 

Sporogenesis, in Clethra 392; in Persea 270 

Squash, Acorn, test plant for activity of substituted 
benzoic acids 135 


Staphylococcus aureus, used to assay antimicrobial 
activity of chlorophyllose plants 293 

Stipa leucotricha, cleistogamy and soil moisture 438 

Storage, of carrots, turnips, and onions, sprouting 
affected by growth substances 362 

Swarup, Vishnu, Taxonomic relationships and 
breeding possibilities of species of Abelmoschus 
related to okra (A. esculentus) 455 


Taxospermum undulatum, new species 165 

Taylor, Katharine N., Studies on the relation be- 
tween molecular structure and physiological ac- 
tivity of plant growth-regulators. I. Abscission- 
inducing activity 348 

Temperature, effect, of freezing on activation of oat 
seeds 90, on formative response of bean seedlings 
to 2,4-D 479 

Tenulin in Helenium 471 

Tetrazolium test for viability applied to conifer 
leaves 210 

Theobroma cacao, vegetative anatomy 444 

Thompson, H. E., New growth-regulating com- 
pounds. II. Substituted benzoic acids 135 

Thuja plicata, moisture retention in leaves 210 

Tiller development and reproductive activity in 
Bromus 413 

Tobacco, biosynthesis of radioactive nicotine 195 

Tomato, auxin-induced tumors, terminal oxidase 
patterns 190; crown-gall tumors, oxygen uptake 
185, and terminal oxidase patterns 190; gene anal- 
ysis by partitioning method 1; pectolytic enzyme 
activity 216 

Trichomes, bearing tenulin in Helenium 471 

Tumors, auxin-induced in tomato, terminal oxidase 
patterns 190; induced by 2,4-D 65, by substituted 
benzoic acids 135; on cabbage-seedling roots in- 
duced by para-chlorophenoxyacetic acid 334; to- 
mato crown-gall, oxygen uptake 185, terminal 
oxidase patterns 190 

Turnips, sprouting in storage affected by growth 
substances 362 


Vv 

Vaccinium, anatomy of adventitious root develop- 
ment 279 

Virus tumor tissue, action of secreted alpha-amylase 
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